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2. .& Rew draught is 28 feet 4 inches ; displacement, 10,600 tons ; 

Tuk Benbow isthe most powerful completed vessel | height of freeboard, about 10 feet 6 inches; and the 
in our existing force of battle ships. As Lord Arm: | height of center of ae guns above water line about 
strong happily remarked in his paper upon the|20 feet. The twin propellers are worked by two sets of 
pew programme, which appears in this month's! inverted three-cylinder compound engines, constructed 


beam, 68 feet 6 inches ; depth, 37 feet 14g inches. Her 
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The hull of the Benbow is divided into 190 compart- 
ments, and the magazines are at either end beneath the 
barbettes, connected with them by an armored ammu- 
nition trunk. There is room in them for 180 rounds of 
ammunition for the heavy guns. The double bottom of 
the ship is carried hepend the citadel bulkheads in both 
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BOW OF HER MAJESTY’S 


Nineteenth Century, they are advisedly called ‘‘battle| by Messrs. Maudslay, Sons & Field. The two high 
ships.” For they cannot properly be designated ‘‘ar-| pressure cylinders are 52 inches diameter, and four low 
mored vessels,” beeause the armor as at present ap-| pressure cylinders 74 inches diameter, with a stroke of 
plied only affords protection to the hydraulic loading |3 feet 9 inches. The indicated horse power is 11,500 
gear, lifts, and other apparatus beneath the heavy | horses. Speed produced with forced draught, accord- 
gan positions and partial protection to a strip along | ing to patent log, 16-75 knots. The coal capacity is for 

he water line. Inthe Benbow we find a typical exam- 1,200 tons, sufficient for 7,100 miles at a speed of ten 
ee of the Admiral class, with slightly greater dis-| knots. The boilers are oval, twelve in number, ar- 
Placement, more coal capacity, and a more important | ranged athwartships, each boiler being 12 feet 4 inches 
oaxiieny armament than the remaining ships of this | wide, 14 feet 1 inch high, and 9 feet 11 inches long, hav- 
oa and the two heaviest guns carried in any vessel | ing in all thirty-six farnaces. The total area of the 

The ae ies _ | heating surface is 20,440 feet. For working with forced 
h > ship is almost exactly similar to the Anson in| draught there are eight fansof 5 feet diameter, each 
er dimensions, which are as follows : Length, 330 feet; ' driven separately. 




















SHIP BENBOW. 


directions, and further protection is afforded against in- 
jury from below by a water-tight platform over the hold 
throughout the entire length of the ship, and between 
this and the under-water shot-proof deck are the boil- 
ers, engines, and magazines of the big guns. In effect, 
the method of subdivision is such that from the hold 
right up tothe main deck there are practically three 
skins. 

Protection against shot and shell is provided for by 
a belt of steel-faced compound armor, 18 inches thick, 
and about 150 feet in length, so placed as to cover the 
sides amidships toa depth of 5 feet below the load 
line and toa height of 2 feet 6 inches above the water. 
Over the part of the vessel so defended against hori- 
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zontal fire there is also an armored steel deck, built up 
of two thicknesses of 4g inch plating and one layer 2 
inches thick, making 3 inches in all. Below the mid- 
ship protective deck there is placed over the engines 
and boilers a light steel splinter deck, %4 inch thick, to 
prevent interference with the forced draught and 
shut it off. Across the ends of the citadel are bulk- 
heads of 18 inch and 16 inch armor. The sides of the 
ship above the upper deck, where the auxiliary bat- 
teries are placed, are of steel, only 1 inch thick. The 
sloping ends of this battery are, however, armored 
with 6 inch plate to prevent a raking fire. This is the 
one fatal weakness of the Benbow and of all her class. 
The Linch plate is just sufficient to explode a shell 
charged with high explosive, so that it will discharge 
its contents between decks, with what result can be 
too easily anticipated. When the coal bunkers along 
the sides of the ship below the armored deck are filled, 
they oppose a thickness of about 9 feet of coal to the 
vassage of shot. On the lower deck, in front of the 
10rizontal water chamber—introduced to check the 
rolling of the ship by the movements of a large weight 
of water freely flowing from side to side—there are 
four deep water-tight tanks, to hold the sbip’s cables. 
The two barbettes, as seen in the small engraving, each 
cover & space on the upper deck about 45 feet by 60 
feet, the plan being pear-shaped, so as to leave room 
for the protection of the loading gear. They have 
steel-faced armor, 14 inches thick upon the exposed 
portions, and 12 inches thick behind the sereens. An 
armored ammunition trunk, before mentioned, 10 feet 
across, plated 12 inches thick, provides for the safe 
lifting of the powder and shot from the magazines be- 
low to within each barbette. But this armored stalk 
to the barbette does not permit the possibility of a 
shell bursting beneath the entire gun position and 
wrecking it. In the new barbette ships a heavily ar- 


forward. In rough weather at sea the entire fore-deck 


is afloat with green water two feet deep. With the ex- 

ception of these drawbacks, the Benbow may be re- 
| garded asa most efficient battle ship, and one of the 
| most powerful “ compromises” afloat.—The Hngineer. 


STRUCTURAL STRENGTH OF SEA-GOING 
TORPEDO BOAT No. 1. 


| Correctrion.—The following errors in misprint oceur 

in SUPPLEMENT, No. 705, page 11261, first column, in 
lines 13, 14, 21, and 26, in which the word “stern” 
should read stem; also same page, coluinn 3, in first 
line under Fig. 6, the sentence, ** The chart correspond- 
ing,” ete., should read, ‘‘ The chord corresponding.” 


LINES OF SPEED IN SHIPBUILDING. 


| To the Editor of the Scientific American: 
| I desire to offer to the public, through your columns, 
the results of certain experiments nade by me a num- 
| ber of years ago and siuce, and which are, so far as I 
know, new and useful. 
water, other things being equal, is controlled by the 
lines of resistance encountered by the vessel in moving 
through the water, and in proportion as the lines of 
extra resistance are eliminated (protrusions they are 
in fact), the speed will be increased. In the ideal vessel 
every part presents the minimum of resistance to the 
passage of the current caused by the advance of the 
vessel. 

I carefully examined the forms of alluvial islands in 
the Mississippi and other rivers, and concluded that 
these lines of least resistance could be more accurately 
determined, for different velocities of current, by the 
‘currents themselves than by mathematical calcula- 
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The speed of a vessel in the| 


point out the methods employed and their results gen- 
erally, but I feel sure that very important discoveries 
may be made by investigations in this direction, and 
that considerable modifications in the plans of vessels, 
as indicated by such experiments, may be made with 
decided advan . Lonly add in conclusion that the 
partially dried blocks of clay, when modelea down by 
the current, can be lighty oiled and used totake a fe- 
male plaster cast, from which the original forms may 
be reproduced at will, and the decks of the plaster re- 
productions marked with the data required for refer- 
ence. Isaac W. HEYSINGER. 

Philadelphia, Pa., June 21, 1889. 


UNIVERSAL ROLLING MILLS FOR THE 
ROLLING OF GIRDERS AND CRUCIFORM 
SECTIONS.* 

By Hua@o Sack, Duisburg-on-the-Rhine. 


IN the face of the multifarious applications and the 
continuously growing use of girders and similar sec- 
tions—the value of the imports of this kind of iron into 
England in 1887 is stated to have been no less than 
| £1,000,000, and in previous years it was probably of 
| almost similar magnitude—it is a remarkable fact that 

the quality of this kind of iron has not as yet attained 
|the perfection which nowadays generally is required 
of rolled iron. 

While all other products of rolling mills are sub- 
mitted to the severest tests, yet, with the higbly im- 
| portant H iron, people are accustomed to be content 
| with much less strength and a proportionate increase 
| of weight instead, where that is admissible. For bridge 
| work and other iron structures exposed to strains by 
sudden shocks, and in cases where safety has to be 
combined with the least weight, built-up girders are 
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BREECH-LOADING GUNS, H. M. S. BENBOW. 


mored redoubt will be constructed beneath the bar- 
bette, and will effectually prevent such a contingency. 
A steel wire rope, working through the ammunition 
hoist, raises the projectiles for the heavy guns, weigh- 
ing 1,800 lb., and the charges, 960 lb., in two portions. 
Overhead railways run the projectiles along from the 
magazines to the bases of the hoists. 

The armament consists of two 111 ton steel breech- 
loading guns, one in either barbette, having a muzzle 
velocity of 2,100 foot-seconds, and a penetrative power 
into 32°5 inches of armor plate at i,000 yards. This 
would pierce the central citadel of the Inflexible, 
clothed with the thickest armor afloat. The auxiliary 
armament consists of ten 6inch steel breech-loading 
guns, having a power of penetration of 10°83 inches, 
which would dispose of either turtle-back deck plat- 
ing or any of the protective arrangements made for 
the lightly armored cruisers now under construction. 
There are also fifteen 6 and 3 pounder Hotchkiss and 
seven machine guns, and a proportion of torpedo dis- 
charge tubes. These last are fixed, as in all vessels of 
the Admiral class, on a special deck beneath the broad- 
side batteries. They are capable of any amount of 
training, by means of the ball and socket joints with 
which they are worked in the sides of the ship. 

On the spardeck the Benbow carries a second-class 
torpedo boat, as well as a very large proportion of pin- 
nacesand launches. The conning tower is protected 
with I4inch armor. The steadiness of this ship asa 
gun platform is very remarkable in ordinary weather. 
But the concentration of the armor plating so much 
toward the center, and the shortness of space be- 
tween the gun positions. involves a bad distribution of 
the weights, and in a lumpy sea the effect of this is 
very perceptible. All tne Admiral class are bad sailors 
sn consequence. When the Anson was undergoing her 
gun trials a fortnight ago, althougn the Solent was 
comparatively calm, the bow wave was flying over the 
forecastie, and covering everything from the “run” 


tions. From a reservoir of water holding an indefinite 
quantity (a tank connected with a flowing stream), I 
led a wooden trough about 3 feet wide and 12 feet 
long, having a flat bottom and vertical sides, and 
gated to supply a four inch flow from the reservoir. 
This trough was hinged at the reservoir, its free end 
controlled by cords so that its slope and the consequent 
flow of water could be regulated to any velocity. A 
speed indicator (a simple paddle wheel) dipped into 
the water, and by its velocity of rotation (geared 
down) indicated the flow of the current approximately 
in miles per hour. The water having been turned off 
and the bottom of the trough made dry, a block of 
tough potter’s clay, made hard but still plastic, was 
stuck to the bottom of the trough, a couple of pins 
projecting from the bottom into the block of clay, near 
its middle line. The clay was roughly smoothed and 
scraped off to resemble the model of a boat, bottom 
up ; the water was then turned on to any speed desired 
for the boat, so as to submerge the clay, and the cur- 
rent was allowed to cut away such portions as it most 
readily attacked. While the whole block gradually 
washed away, becoming smaller and smaller, yet for 
the same speed of current the slope remained practi- 
cally the same. 

I found an advantage in inserting a very small wire 
to represent the cutwater, as that part crumbled too 
rapidly at seme velocities, and I recognized the cut- 
water as a “ necessary evil,” one of the things which 
‘come high,” but which we must have. The results 
in configuration of model were surprising (if the block 
of clay was homogeneous), and the forms varied very 
considerably for different velocities of current. As a 
reverse of the preceding method, I also attached the 
boat-shaped block of clay to a piece of loose, light 
board, and floated it, clay downward, in the same cur- 
rent, held by a cord from the reservoir above. As 
these experiments can be readily repeated by persons 
in this line, and doubtless much extended, I merely 





always preferred. This is because, by the ordinary 
system of rolling mills, it is not possible to produce 
properly worked flanges. The wider and thinner and 
the less tapered the flanges, the greater becomes the dif- 
ficulty. his defect can be avoided with channel and 
sleeper sections by rolling them ina bent state. It 
makes itself less felt with tees, tee bulbs, flanged rails, 
and smaller girders. With heavy H girders it is diffi- 
cult to mitigate this, as will be seen from the following 
notes : In order that the rolled bar may easily fit into 
the next groove, the latter is always somewhat wider 
than the previous one. In this way sections are ob- 
tained of increasing width, and it is obvious that un- 
der such circumstances no pressure can be exerted upon 
the outer surfaces of the flanges, and their width can- 
not be much reduced. Therefore the inner surfaces 
alone offer a point of attack for reducing their thick- 
ness. By this process the rolls must evidently squeeze 
themselves between the inner surfaces of the flanges. 
When a girder is between the rolls, the material is 
sera down on the inner face of the flange, the 
edges of the rolls raising there a ridge and accumulat- 
ing material in the corners. Now, the material in the 
corners must be displaced laterally, that is, across the 
fiber, thereby weakening the tensile strength of the 
material. Until the contact of the rolls at the web oc- 
curs, we may distinguish two stages: the first, when 
the roller comes into contact with the flanges and be- 
gins to scrape ; the second, when the material is piled 
in the corners and displaced laterally. Before acting 
upon the web, which is the third stage, it is clearly to 
be seen that the flanges have been stretched out nearly 
completely, while the web still preserves its original 
length. This way of procedure, of course, must pro- 
duce a great strain in the rolled material, besides con- 
siderable wear and tear of the rolls, owing to the scrap- 
ing-down action. These are great drawbacks to the 








* A paper lately read before the Iron and Steel Institute, 
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usual process of rolling girders, and explain why it is 
so important to use soft iron. Evidently a material 
which yields easily to the rolls, and which, therefore, is 
capable of taking up the strains caused by the unequal, 
and far from simultaneous, extension of its mass, will be 
best suited for the manufacture of structural sections. 
Phosphorie iron possesses these qualities in a high 
degree, and consequently, in spite of its cold-short de- 
fects, is largely used for the manufacture of joists. This 















































Fig. 1 
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dergo as many passes as possible, which requires too 
many housing frames, rolls, and engive power, and as 
a consequence, too many expenses. Finally, the pro- 
ducts, though faultless in appearance, are still of doubt- 
ful value, because the strains, which during the rolling 
process can never be fully avoided, diminish the trust- 
worthiness of these girders. 

| Consider now the position of the steel industry, the 
| products of which—mainly railway supplies—are sub- 
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Fig..4 


jected to the public tender system, which is not caleu- 
lated to enhance prices, while the conditions required 
asto quality are growing in severity, and the trade 





aiso explains while the gradual rolling of the girder | 
sections by numerous passes through the rolls will | 
somehow mitigate the evil, for the more rapidly the 
rolling is effected, the more pronounced the defects 
will be. With smaller H sections a considerable num- 
ber of grooves can be arranged upon the rolls. In con- 
sequence of this fact, they are, asa rule, always ofa 
better quality, but with larger sections a great number 
of grooves would require a considerable length of rolls, 
which would be very expensive, and at the same time 
give trouble in changing them and keeping them in 
working order. In Belgian and German mills, the large 
20 in. and 22 in. girders of phosphoric wrought iron are 
roughened down, as a rule, in nine, or eight, or even 
seven passes. Thus the pile, which is built up to a 
similar shape, is directly and very rapidly formed with- 



































out appropriate welding grooves, which implies a doubt- 
ful welding of the material, all the more so as the flats 
in the pile are arranged across the web. 

Clearly this rapid rolling process cannot have a good 
influence. Moreover, these practical difficulties lead to 
the adoption of sections suitable to the exigences of 
rolling rather than to products capable of resisting 
the strains which they are intended to bear. A glance 
at any section sheet will show that the height of the 
flanges does not increase in proportion to the width of 
the web. Apart from the bad distribution of the metal 
from the point of view of its power of resistance, an 
evil also lies in the proportionately greater quantity of | 
material removed by the rivet holesin a low, thick 
flange. Generally, also, the web of large section is 
much too heavy in proportion, a circumstance which 
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Pig. 3 


frequently alone suffices to give the preference to a 
riveted girder. Hence we may see what influences are 
operating to keep the built-up girder in favor. But we 
may also recognize the vast field of work that would 
open itself out to a more perfect system of rolling, em- 
bracing also the rolling of steel. Only small steel gird- 
ers up to 12 in. can now be rolled in the ordinary train 
satisfactorily. Although the possibility of rolling 
larger sections by means of the present methods can- 
not directly be denied, yet it cannot be seen how they 
could compete with regard to price. As already men- 
tioned, in order to reduce the pernicious effects of un- 


| itself, noreover, depends upon an i 


ular demand. It 
may, therefore, be assuined that the following commun- 
ication on a pew arrangement of rolling wills will be 
welcome. Evidently, and as many former attempts 
prove, itis only possible to remedy the inconveniences 
already stated by a universal mill, consisting of four 
rolls arranged in one plane. 

Those first attempts, however, could not fulfill the 
practical requirements of producing sections without 
fins, and with flanges of equal breadth, and perfectly 
symmetrically arranged to the web. They could not 
succeed, because the mills at the time were so compli- 
cated in construction and difficult to handle, and they 
could not resist the great strains of the rolling pres- 
sure, so that the whole idea of such a system was given 
up as fruitless. How far the objections then raised 
have been met by the arrangements proposed to be 
submitted to the present meeting of practical wen 
must be left their judgment. It may, however, be 
mentioned, that the trials which, a few months ago, 
were made with a Sack universal tnill at the works of 
the Steel Company of Scotland, at Newton, those of 
Messrs. David Colville & Sons, in Motherwell, and at 
other places, have proved this mill, as regards the 




















durability and simplicity of its arrangement, to be a 
practical success. As a further advantage, it has been 
recognized that this mill, as a rule, can without diffi- 
culty be combined with any existing reversing or cog- 
ging mill, and that sometimes even existing housing 
frames may be used directly for my mills, while still 
remaining serviceable for their former purpose. 

This may be seen by the wall drawing, based upon 
housings of a reversing plant of Messrs. David Colville 
& Sons, and containing Sack’s arrangement. The 
leading principle of Sack’s mill is to drive the hori- 
zontal rolls only, the top roll being adjustable in 
the usual way by a top screw gear, oy means of which 
the vertical rolls are moyed simultaneously, accord. 
ing to rules, implied OY the kind of section to be 
rolled. The vertical rolls are loose rolls, the spindles 
of which are of about two-thirds of the diameter of the 
horizontal ones, and strong enough for their purpose. 
They are driven by the friction against the bar to be 
rolled, and are carried in housing boxes, which are 
provided with wedge-shaped projections sliding upon 
the corresponding surfaces of two pairs of rails. These 





Fig. 6 


rails are inserted into the housing frames, and rest upon 
the bottom and top carriages of the horizontal rolls. 
They can be adjusted both in a vertical and in a hori- 
zontal direction by means-of screws and wedges, which 
are - easily accessible, even while the mill is at 
work. 

The exact adjustment of these rails is a matter of im- 
portance, because it affects the correct correlative posi- 
tion of the vertical rolls against the horizontal ones. 
Having got into this position, the rolls always remain 
at a certain proportional distance from each other, 
suitable for the rolling process, a distance which is in- 





equal and unsimultaneous stretching, the bar must un- 


fluenced by the angle of inclination of the wedge- 





shaped projections of the bearing boxes of the vertical] 
rolls. ow, by screwing down the top horizontal rolls, 
the two top setting rails are also lowered, and force the 
vertical rolls by means of the wedges of their housing 
blocks, toward each other; and as the top horizontaj 
roll descends, the vertical rolls descend with it, but only 
through half the distance, so that they always remain 
central. 

This will more clearly be seen from Fig. 6, which 
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Fig. 7 


shows the position of the rails, C, at the beginning and 
end of rolling, the former position by full and the latter 
by dotted lines. On raising the serews, the vertical 
rolls, with their carriages, are pulled apart by the action 
of balance weights, which, however, in large mills are 
better replaced by steam or hydraulic cylinders. 

The housings of the mill are inno way different from 
those now usually employed, so that they may serve 
for all other purposes of the plant. Heavy guards are 
provided to prevent the formation of collars, in case 
the material should split at the ends during the pro- 
cess of rolling. Sack’s mill differs from former designs 
in one very important point, viz., in so far as the work- 
ing surfaces of the rolls cover the section on all sides— 
Figs. 7 and 8—thus avoiding an irregular and unsym- 
metrical accumulation of material and the formation 
of fins. It may further be of interest to point out 
that other sections can also be rolled—angle and cruci- 
form sections—with J, sections of great length and width 
and thin ribs without tapering. The rolling in a uni- 
versal mill similar to the H mill will offer advantages, 
while the rolling of cruciform sections of larger dimen- 
sions and parallel ribs, with sharp outer edges of nice 
appearance, could not be done at all before. Obviously, 
the value of this section is based upon these qualities, 
and lies in sizes of 6in. to 18in. The use of this form has 
hitherto been arrested by the difficulties of production. 
By ordinary rollivg trains it can only be manufactured 
in small dimensions and with tapering ribs, useless 
for any structural work, while cruciform sections of 
correct form can compete in every respect with all 
other pillar sections. I refer in this regard to the 
remarks at the end of the paper, and now proceed 
with deseribing the rolling will system, which is shown 
in Figs. 3 and 4 for the cruciform section in the second 
and last position, and in Figs. 1 and 2 for the H section 
for the first and last pass through the universal will. 
The rolis for the J, seetions are similar to the H ones, 
with the exception that the bottom roll carries a collar, 
corresponding with a groove of the top roll, thus divid- 
ing the H section into two parts. 

ft has already been mentioned that the mill is chiefly 
intended for steel and reversing or cogging plants. The 
blooms are roughed down, either in a square shape for 
X sections, or in a rectangular one for Hsections. This 
can be done in every cogging mill, and thus no special 
previous rolls are required, which is an obvions advan- 

. Suppose the universal mill be annexed directly 
to the cogging rolls, the latter can always remain at 
work for general purposes, even when the universal 
rolls are to be changed, or have to be idle for want of 
orders, ete. 

It will be noticed that the rolls of the H will are ar- 
ranged unsymwmetrically. One of the vertical rolls 
(marked B’) has got projecting flanges, which at the end 
of the rolling reach over under-cut faces of the hori- 
zontal rolls. The circumference of the other vertical 
roll isanet by conical faces, which, in the tighter posi- 
tions~of the rolls, are overlapped by corresponding 
conical faces of the horizontal rolls. In this manner the 
formation of permanent fins is avoided. A fin must 
evidently be formed at the junction of two surfaces, 
if the metal at that place is under a certain pressure, 
because it is im ible, and would be wrong, to make 
the surfaces a close fit; but the fin which is produced 
in one pass is removed in the next one, owing to the bar 
being turned over by half a turn. 
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Fig.8 


Thus the fins which are produced on the outer edges 
of the right hand flange of the girder in one pass 
are, in the next , effaced by being pressed into 
the corners of the left hand vertical roll ; while the fins 

roduced at the junction on the left side are effaced by 

ing pressed into the corners of the horizontal rolls in 
the next pass. The outer circumference of the vertical 
H rolls is not a cylindrical surface, but has a consider- 
able camber thus producing curved flanges in the girder. 
The reason for adopting this shape is that the wear on 
the side walls of the working faces of the horizontal rolls 
is thereby greatly diminished, owing to the shorter 
time the rolls remain in contact with the face of the 
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. whereas with vertical faces scraping takes 








flanges 
a arrangement of inclined flanges a kind of roll- 


ing motion is substituted. It is even preferable to 
adopt a much greater inclination of the flanges than is 
shown in the illustrations, which will have the ad van- 
tage of still less wear and tear of the rolls, while the 
rolling can begin with thinner blooms. Then only 
about five passes through the universal mill will be re- 
quired, and the flanges are very rapidly formed, a kind 
of splitting of the material taking place. In the H 
will, a firm grip of the inserted bar is always secured, 
beeause the driven horizontal rolls come first in con- 
tact with the bar, owing to their greater diameter ; and 
the bite is all the better, because, at the euds of the 
bars the web is, as a rule, somewhat longer than the 
flanges. Thus the vertical rolls begin to act after the 
grip has taken place. When the bar has passed 
through the universal mill for the last time, the flange 
must be squared up on a special finishing mill with 
four rolls. 

In the rolling mill for cruciform or star-sha sec- 
tions, the rolls are arranged symmetrically. The hori- 
zontal rolls overlap, with their conical surfaces corre- 
sponding to the surfaces of the recessed circumference 
of the vertical rolls. In order to make this overlapping 
possible without jamming, the diameter of the v@rtical 
rollsshould not be smaller than that of the horizontal 
ones. If the distance between the outer edges of the 
vertical rolls were equal to that between the corre- 
sponding edges of the horizontal ones, it is evident that 
the former would, by reason of their large diameter, 
come in contact with the bar simultaneously, or even 
sooner than the horizontal rolls; and ag the vertical 
rolls are not driven, the bar could not be pulled through 
the mill. 

In order to overcome this difficulty, the angle of the 
chamfer of the outer overlapping cones of the hori- 
zontal, and the corresponding undercurrent surfaces of 
the vertical, rolls is slightly less than 45 deg., amd con- 
sequently the edges of the cruciform section are not 
quite square with the surface of the flanges, as wiil be 
seen from the annexed sketch, Fig. 9, 
on ab exaggerated seale, the section after passing in 





full lines, and before passing in dotted lines. The re- 
duction of area takes place in the vertical dimension 
only, and it is produced entirely by the horizontal 
rolis, thas relieving the vertical rolls from pressure. 
They have almost only to keep the section in shape 
laterally while being subjected to the pressure of the 
horizontal rolls. 

Asa further consequence, the formation of a fin at 
the corners, marked a—that is, at the junction between 
the vertical and horizontal rolls—is almost entirely 
avoided, because the material has a rounded edge, and 
receives no pressure there. Owing to the angle of 
chamfer being less than 45 deg., the vertical dimensions 
of each pass are smaller than its horizontal ones; and 
when the bar is turned through a quarter turn ready 
for the next pass, its horizontal dimensions become the 
smaller ones, so that the bar, when being pushed in, 
can be firmly gripped by the horizontal rolls. Roughly 
speaking, the mill is set after each pass, so that the 
vertical rolls approach to within the same distance 
which existed between the horizontal rolls in the 
previous pass. It is a peculiarity of Sack’s rolling will 
that the rolls need not be in close contact, a matter of 
considerable importance on account of reducing wear 
and tear between the rolls by friction and will seale, 
and beeause the exact position of the vertical rolls is 
independent of a close contact of the overlapping faces. 


which shows, | 


universal rolls are quite sufficient. Each section 
may be kept in store in two different thicknesses of the 
flanges and appropriate lengths, so that any pillar can 
be supplied by keeping a amenitree small stock 
only. With Phenix and all other built-up coluwns it 
issearcely possible, and still less advisable, to store them 
in great variety ; for with such sections every pillar has 
its special design for fixing brackets, or foot, or top 
plates, and a ready built-up column is less convenient 
on this account. 

Hence it may arise why the Phenix column, so much 
in favor in America, has not got into common use in 
Europe, and architects rather prefer cast iron columns, 
although it is a fact that rolled iron or steel pillars are 
much more trustworthy than cast iron ones. Fre- 
y seep the want of elasticity of the material is ad- 
duced in favor of cast iron columns ; but this quality 
may also be very fatal, as the collapse of the Tay 
Bridge will prove. Another danger may arise when 
the foundations of column, cast in one piece to the bed 
plate, give way on one side. A very severe accident 
occurred in consequence of this occurrence some years 
ago at Frankfort-on-the-Main. The cellar of a brewer 
collapsed after the breakage of one column, althoug 
all the columns were strong enough for their pur 
and of good material. It is true that the thin walls of 
riveted wrought iron columns are open to the objec- 
tious of greater elasticity and greater danger from the 
influence of rust and corrosion, Indeed, with Phonix 
columns and those built of — sections and others, 
the thickness of metal is about half an inch, more or 
| less, on the average, but in the cruciform section the 
| flanges have a thickness of one-twelfth to one-sixteenth 
|of the width of the whole section—that is, much 
|more than is shown above. Nevertheless, a com- 

parison of sections with equal strength, computed on 
their relative moments of inertia, pn the relative 
weights of material to be as follows: Cast iron, 120; 
| Pheonix iron, 735; and cruciform steel section, 100. 
With the latter at £5 10s. a ton, it could compete suc- 
howd with castings at £4 12s. and Phenix iron at 
| 6 
As, however, the bending of vertical columns of 
| cruciform sections does not take place for a length less 
than twenty-five times the breadth of the flange, it 
will be seen that with a 10 in. section, the column 
would have to be ubout 21 ft. in height, in order that 
the danger of simple crushing may be equal to that of 
failure = bending. For larger sections, or for a reduced 
length, the column would fail on account of crushing 
without bending. For ordinary building purposes the 
length is, as a rule, considerably less than 20 ft., and 
the strength of the column would have to be estimated 
simply by compressive strain, which the area can bear 
without reference to its length or to its moment of in- 
ertia. In this case the advantage of the cruciform sec- 
tion over its competitors in point of cost becomes still 
more apparent. 

In bridge building. riveted Phenix and other column 
sections way be, to a certain extent, of better use, 
| however inferior they may be to the cruciform section 
| for architectural and a good many other pur 
| The cruciform section can be kept in stock on for 
| sale, which is not done with riveted pillars. For the 
|latter there is a great variety in annexing girders, 
| brackets, bed and top plates, riveting diagonal sics 
| and flats between the flanges, etc., a variety which is 
| pernicious in regard to establishing those sections as a 
regular article of trade; while the cruciform section, 
owing to its right-angular corners, offers standard faces 
for brackets, ete., any bracket fitting as well for a 
| large as for a smaller section. 
| Thus less variety is obtainable, and practical castings 
for foot and top plates, brackets, vtc., can also be kept 
in stock, so that a column could be supplied at once— 
a case of considerable importance for ordinary build- 
ing purposes. How very readily the cruciform section 
in connection with such standard castings lends itself 
to architectural work may be seen from our illustra- 
tions herewith. A complete column is to be fitted up 
in the simplest manner with wedges or scréws, and 
surrounded by wood or brickwork to make it of a good 
architectural appearance and to afford security against 
fire. It is also a good section for telegraphic posts, or 
|for signals, fencing, and electric lighting, ete. The 














Nevertheless the vertical rolls are very firmly kept in| wide and equal thick flanges are also very fit for rivet- 
their correct place by means of the action of the wedges | ing, and secure applicability for a vast number of 
of the vertical bearing boxes against the very strong | other structural purposes, which will give a successful 


setting rails. After the last pass the bar is left with a 
slightly displaced section, which would not matter 
much. However, to smooth the section, a special fin- 
ishing mill is provided, in which a complete symmetry 
is attained. 

The finishing mill is in its general arrangement similar 
to the universal mill, and serves for working upon the 
outer edges of the section, for smoothing is not found 
necessary for all cruciform sections which may be re- 
quired. The housings, both for finishing and universal 
ills of H and X sections, are equally so that one plant 
is suitable for both and general purposes. The distance 
between the housings of the horizontal rolls is a con- 
stant one for all sizes of the cruciform sections, and 
with H sections for all girders from 8 in. up to 18 in. 
For larger girders one of the housings must be shifted 
and new rails fitted. The bloom roughed down in the 
cogging mill is brought to the universal mill. Asystem 
of feed rollers is provided with a special tilting gear 
driven by hydraulic power, so that the amount of hand 
labor is reduced to a minimum. This tilting gear is 
capable of performing half a turn for H, as well asa 
quarter turn for X, sections, and can also handle bars 
of very great length. A further peculiarity of this 
gear is that the bars are straightened at the same time 
that they are tilted. This tilting gear is of general in- 
terest, because it works with great accuracy, both with 
crooked and very long bars, even with flats, ete. The 
Inventor has exhibited a small working model, and 
would be pleased to give all information about it. The 
cruciform section in this shape, and such sizes as 8 in. 
up to 16in., and even more so, is a novelty, specially 
intended for columns and architectural purposes. 

From the foregoing description it is evident how 
easily it can be produced in a correct form and of all 
requisite dimensions ; and it may safely be said that it 
would be applied to a vast number of structures. A 
new market lies before the manufacturer, which he 
could open ms at a comparatively small cost by annex- 
ing the mill to an existing cogging plant, using 


existing housings, ete. ‘To commence producing 8 


ia., 10 in., 12 in., and 14 in. sections, four sets of 


| future to this kind of section. 
| : 
|RECENT DEVELOPMENTS IN HIGH EXPLO- 
SIVES.* 
By Perry F. NuRSEY. 
INTRUDUCTORY. 
ALTHOUGH the subject of explosive compounds may 
to some appear to stand somewhat outside the range 
f engineering discussion, a moment’s reflection will 
| show that this is by no means thecase. Without the aid 
lof modern blasting agents of the more intensely pow- 
| erful class known as high explosives, some of the great- 
est engineering works of modern times could not have 
been effectually carried out. Witness the blasting 
operations at the entrance to East River, New York, 
where, in the autumn of 1885, 150 tons, or 300,000 Ib., of 
nitro-glycerine omy ey were exploded simultane- 
ously in removing Flood Rock at Hell Gate. Without 
their aid many mining operations could not be con- 
ducted with profit, and in some cases workings would 
have to be abandoned altogether, owing to the char- 
acter of the ground being such that gunpowder will 
not touch it. 

One of the first requirements in carrying out mining, 
quarrying, tunneling, and other similar engineering 
operations, is the dislodgment of large masses of rock 
and other similar natural formatious, as quickly, safe- 
ly, and cheaply as possible. For many years the only 
explosive agent at command was gunpowder, and in 
many cases the process of blasting was slow and unsatis- 
factory, particularly in either wet or very hard ground. 
In the course of time, however, chemistry came to the 
rescue of the miner, and gave him the means of blast- 
ing in the wettest ground and in the hardest geological 
formations, where previously he was, in the one case, 
unable to ‘‘ keep his powder dry,” and, in the other, to 
get any ground at all, especially in vertical holes. Mod- 
ern chemistry has produced a long list of explosives of 
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a far wore powerful character than gunpowder, some 
of which have found their way largely into practice 
for mining and general blasting purposes. e ten- 
deney of invention in this direction has been to pro- 
duce an explosive compound which shall develop a 
greater peice than gunpowder, and which shall con- 
sequently perform an equal or greater amount of work 
with a lesser quantity of explosive, and, above all, 
which shall not be explodable except under the actual 
conditions of work. Of the numerous attempts which 
have been made to supersede gunpowder for blasting 
purposes, only a few have succeeded, owing to the 
delicately sensitive nature of the ingredients in some 
of the compounds, or to some other equally objection- 
able feature. The unsuccessful attempts form a long 
list, which it is not necessary here to consider, the ob- 
ject of the author being to record and consider the 
successful rather than the unsuccessful results of sei- 
entific research in this direction of late years. 


EARLIER EXPLOSIVES. 

Upon two previous occasions the author has had the 
honor of bringing the subject of explosive compounds 
before the society, and he conceives that the import- 
ant part they play in many engineering operations 
and in mining industries throughout the world, and 
not less the marked advances made in their develop- 
ment during the past few years, justifies—perhaps de- 
mands—a further consideration of the matter. Upon 
the first occasion, namely, in February, 1869, he read a 

per upon * Explosive Compounds for Engineering 

urposes,” in which he reviewed the whole question 
down to that time. In that paper he noticed gun- 
,owder in its several varieties and the attempt made 

y Colonel Ryley, and subsequently by Mr. Gale, to 
render gunpowder non-explosive and explosive at will 
by enveloping the grains in pulverized foreign sub- 
stances, such as ground glass. The various nitrate and 
chlorate powders, including Horsley’s; the gunpaper 
of Hockstadter (repatented by Reichen in 1866); the 
white gunpowder of Reveley ; Schultze’s gunsawdust ; 
and Neumeyer’s inexplosive gunpowder, were de- 
scribed. Nitroglycerine in its original and dangerous 
form as discovered by Sobrero, in 1847, and in its then 
new and safe condition of dynamite, as wodified by 
Nobel, in 1867, was described, as was also guncotton, 
discovered by Schonbein in 1846 and improved by 
Abel and others in 1863 and subsequently. 

In his second paper which was read before the society 
in October, 1871, the author described the improve- 
ments which had been made in explosives since his 
previous communication, and noticed the new blasting 
agent lithofracteur, which had then recently been in- 
vented by Engels, and which is a species of dynamite 
of improved character. He pointed out that three 
distinct modifications of dynamite had been introduced 
by Abel, Horsley, and Schultze respectively. In each 
case the object sought was to replace the inert silica in 
the dynamite by substances which would equally well 
absorb the nitroglycerine and yet be explosive in them- 
selves, thus giving a stronger blasting agent as the re- 
sulting compound. This is exactly what Engels aimed 
at, and succeeded in doing. in lithofracteur. Abel 
granulated guncotton, and wixed it with saltpeter and 
nitroglycerine, which produced his glyoxilin ; Horsiey 
mixed 75 per cent. of his powder, which consisted of 
chlorate of potash and gall nuts, with 25 per cent. of 
nitroglycerine, and Schultze mixed 88 per cent. of his 
wood powder with 17 per cent. of nitroglycerine. All 
these compounds formed very powerful explosives, and 
both Abel’s and Horsley’s were tried with some success, 
but the author is not aware that any of these explosives 
have come into general use. Lithofracteur was intro- 
duced into this country in 1871, and for a while was 
in nse in England. The author has employed it on 
various occasions for blasting, notably in connection 
with the Jersey harbor works, as stated by him in the 
inaugural address which he had the honor, as presi- 
dent of this society, to deliver in 1886. Its use, how- 
ever, has been for some years past confined chiefly to 
Germany and Australia, in both of which countries it 
is manufactured. 


RIVALS OF GUNPOWDER. 


Having given the foregoing brief resume of his pre- 
vious papers, the author would observe that of the 
nuwerous high explosives described in his first paper, 
he pointed out that the most powerful rivals with 
which gunpowder would have to contend were nitro- 
glycerine and guncotton. And so it has proved, and 
in the order of priority in which he placed them, for 
nitroglycerine, in one form or other, has hitherto taken 
the lead as an explosive compound for ordinary blast- 
ing purposes, while guncotton stands foremost at pres- 
ent for torpedo work, in sunk mines, and in many 
other naval and military operations of this class. Other 
explosive compounds have, however, been devised of 
late, and it would seem as if those of the nitroglycer- 
ine class would be superseded in some directions. We 
shall not, however, see the last of nitroglycerine yet. 


DYNAMITE AMD LITHOFRACTEUR. 


With a view to the clear understanding of what fol- 
lows it appears to the author to be desirable that he 
should here briefly explain the composition of the two 
oldest explosives of the try, eer class already re- 
ferred to. These are Nobel’s dynamite and lithofrac- 
teur, the former of which is composed of 75 per cent. 
of nitroglycerine mixed with 25 per cent. of a remark- 
ably absorbent infusorial earth, known as kieselgahr, 
which is inexplosive and incombustible. This consti- 
tutes the dynamite No. 1 of commerce, although there 
are other qualities made. Lithofracteur contains 55 
per cent. of nitroglycerine, combined with a large ad- 
ditional percentage of other combustible and explosive 
absorbent media, and but a small proportion only of 
incombustible, which is kieselguhr. hile possessing 
all the good qualities of other compounds of its class, 
lithofracteur is free from their defects, and has more- 
over advantages which are special to itself alone. One 
of the chief defects of dynamite is the development of 
noxious fumes after a shot has been fired. This causes 
great loss of time in close workings where the men can- 
not get back to their work until the noxious gases 
have cleared away. The author considers the devel- 
opment of these fames to be due to the fact that the 
explosion of nitroglycerine is so rapid that the atoms 
in their divided condition—that is, when mixed with a 
single mechanical absorbent, such as kieselguhr—have 
not time to communicate explosion to each other 








11292 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 707. 


Jury 20, 1889, 








throughout the whole mass of the charge, and a por- | 


tion is consequently blown out of the bore hole uncon- | 
sumed, ‘The energy developed by the explosion of the | 
bulk of the charge so acts upon the unconsumed portion 
of the nitroglycerine as to atomize it, and the atomic 
vapor mixes with the atmosphere and, with the 
smoke from the fuse, hangs about the face of the work 
for a considerable time. This it is which causes the 
fumes which are so detrimental to health and so ob- 
jectionable as enforcing idleness on the part of the 
miners while waiting for them to clear off. The au- 
thor is familiar with the fumes of dynawite, and his 
experience in the use of lithofracteur has satisfied him 
that, if properly used, no fumes whatever are devel- 
oped by itsexplosion. The reason of this is that while 
lithofracteur contains a smaller percentage of nitro- 

lycerine than dynamite, it also contains other ingre- 
dients which, while acting as perfect absorbents or 
carriers, assist also in the explosion, and enable every 
atom of the nitroglycerine to be exploded in the bore 
hole, thus preventing any portion being projected into 
the air in the form of poisonous vapor, the result of 
incomplete combustion. 

Another drawback possessed by dynamite is that its 
action, being exceedingly rapid, is more or less locally 
intensified, producing a smashing, rather than a rend- 
ing, effect on the rock. It has been found by means of 
the chronoscope that the velocity with which detona- 
tion travels along trains of dynamite 30 or 40 feet in 
length ranges from 17,000 to 24,000 feet per second. 
Mr. ©. Napier Hake, F.IC., who possesses a wide 
knowledge of the action of explosives, informs 
the author that a dynamite cartridge 1 foot ip 
length occupies only the szjy5 part of a second in ex- 
plosion. At this rate a ton of dynamite cartridges 
about % inch in diameter placed end to end, and 
measuring one mile in length, would be consumed in a 
quarter of a second by a detonating cartridge at each 
end. Asimilar train of dynamite, if simply ignited, 
would occupy several minutes in its combustion. This 
rapidity of action is due to the fact that nitroglycer- 
ine is the sole explosive, the development of the power 
due to its combustion being intensely rapid. Litho- 
fracteur, on the other hand, as already stated, consists 
of nitroglycerine combined with a large additional 
percentage of other combustible and explosive absorb- 
ent media, and but a small proportion only of incom- 
bustible matter. The result is that the action and re- 
action of the ingredients of lithofracteur are so nicely 
balanced as to cause a retardation of the explosion. In 
other words, it is slower burning than nitroglycerine, 
just as large-grain gunpowder is slower burning than 
rifle-grain powder, although weight for weight they 
may both develop the same power, but with a differ- 
ent result. This retardation causes lithofracteur to 
act with greater rending effect than in the case of other 
nitroglycerine compounds, which have a smashing ac- 
tion. With lithofracteur the rock is not merely crushed 
to powder within alimited area around the bore hole, 
but is rent and fissured—lifted, in fact—to a very wide 
extent, so that at each shot the miner gets much more 
ground. These remarks, as well as those relating to 
noxious fumes, also apply to some other high explo-| 
sives to be presently described. The reason why the 
author has dwelt somewhat at length upon dynamite | 
and lithofracteur is that they are in the main the pro- | 
totypes of later developments in high explosives of the 
nitroglycerine class. 


THE DYNAMITE CASE. 





The author has stated that lithofracteur was intro- 
duced into this country from Germany in 1871, and for | 
a while it was in use here. As soon, however, as the! 
commercial working of the patent was fairly started, 
the British Dynamite Company—now Nobel’s Explo- | 
sives Company—commenced proceedings in chancery 
against Messrs. Krebs for an infringement of Nobel's | 
dynamite patent. The case was heard in June, 1877, 
before Mr. Justice Fry, who gave judgment for the 
plaintiffs. The defendants carried the case to the 
Court of Appeal, and in April, 1878, the Master of the 
Rolls and Lords Justices James and Thesiger, without 
calling upon the respondents, discharged the order of the 
court below, and dismissed the appeal with costs. The 
plaintiff company then appealed to the House of Lords, 
and on April 7, 1879, the jadgment of the Court of Ap- 
peal was reversed. 
as the nitroglycerine monopoly was still reserved to} 
Nobel’s Explosives Company, and thenceforth for some | 
little time nothing was done by others in this country | 
to develop the manufacture of explosives containing | 
nitroglycerine. In the United States, however, con- 
siderabie progress was made in this direction, and sev- 
eral varieties of dynamite were brought out there from 
time to time. 

Nobel’s dynamite patent, by the effluxion of time, 
expired on May 7, 1881. Application was made by 
Nobel’s Explosives Company to the judicial committee 
of the Privy Council in March, 1881, for a prolongation 
of the patent. The application proved unsuccessful, 
and upon the expiry of the patent the use of nitro- 
glycerine became public property, with the result that 
numerous explosive compounds having nitroglycerine 
as their base have since been invented, and have been 
brought under public notice from time to time. The 
author has introduced the foregoing particulars relat- 
ing to the proceedings in chancery by Nobel’s Explo- 
sives Company on historical grounds, the cause having 
attracted considerable attention during its continu- 
ance and for some little time afterward as the “ great 
dynamite case.” It is now probably forgotten by all 
save the leading actors in it, of whom the author was 
one, he having been at one time one of the defendants 
to the suit, and from first to last the technical adviser 
of Messrs. Krebs, the proprietors of the lithofracteur 
patent, and for whom for about ten years he acted as 
consulting engineer. 

MODERN EXPLOSIVES. 

At the present time the list of explosives of one kind 

or other is far more extensive than many of those who 

sess a knowledge of the subject would perhaps be- 
jeve. The author was not aware of its extent until, a 
few months since, Major J. P. Cundill, R.A., one of | 
her Majesty’s inspectors of explosives, was good enough | 
to give him a copy of his Dictionary of Haplosives. | 
From that useful work the author finds that there are 
no fewer than 348 kinds of explosives, many of them, 
however, bearing a very close family likeness to each 
other. Major Cundill has divided them into eight 
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classes, which the author gives in the following list, 
adding the number of varieties in each class : 


Class. Varieties. 
Te III, 0.0) 0.0 00.0.0 cctsenewe cnuseas « 16 
Se) I, 0 0 winn a 505 6hG bebe eens 63 

Ill. Chlorate mixtures...... tienes tn 67 
IV. Nitro compounds containing nitro- 

| RS rn 
V. Guneotton and other nitro com- 
pounds Retrh ‘i ntmneb tne th 1656 0gnne ebay 64 
VI. PIOrle POWGOES. 2. .ccccrsccccccsocecce il 
VIL. Sprengel explosives.... ............. 5 
Vill Missellancous explosives, including 
IN «4 ab bens. 6644063 0000" bb 
TT «ninety e0n Sih eben tei <enentaal 348 


It is hardly necessary to observe that, although the 
list of explosives given by Major Cundill is very long, 
that of the explosives in practical use in this country 
is, comparatively speaking, very short.’ These may be 
practically classed under three main heads, viz.: 1. 
Gunpowder in its numerous forms. 2. Guncotton and 
other nitro compounds. 3. Dynamite and similar 
nitroglycerine compounds. 


AVAILABLE HIGH EXPLOSIVES. 


In dealing with the present subject, the author does 
not propose to trace the history of high explosives. 
This, while occapying far too much time, would be of 
little, if any, practical value. His object is to bring 
under the notice of the members such high explosives 
as are, or shortly will be, available for blasting pur- 
poses, and are suitable for wining and engineering op- 
erations. In doing this he will mainly notice those 
which he has been professionally engaged in investi- 
gating, as well as others at experiments with which he 
has been present. As far as possible the various ex- 
plosives will be referred to in the order in which they! 
were brought under the author’s notice. J 
this course he distinctly desires to state fhat he must 
not be understood as in any way attempting or intend- 
ing to fix the date of any one invention, or to indicate 
priority of patent right. That is a question the dis- 
cussion of which for obvious reasons is not permitted 
in this society. 

BLASTING GELATINE. 


Following apparently in the track opened up by 
Abel with his glyoxilin, already referred to, Nobel, in 
1875, produced what is known as blasting gelatine. 
White Abel used the most explosive form of guncot- 
ton as an absorbent for nitroglycerine, Nobel used a 
lower product of nitration of cellulose. He employs 
the so-called soluble or collodion gunecotton, upon 
which the nitroglycerine has a peculiar solvent action. 
The fibrous substance becomes gelatinized, while the 
nitroglycerine, at the same time, becomes fixed. Un- 
like dynamite, this explosive has the great advantage 
of being practically unaffected by water. It can, there- 


fore, if desirable, be kept under water like wet gun- | 


cotton. It is also less liable to freeze than dynamite, 
although in the frozen condition it is more liable to 
explosion from violent concussion than dynamite is. It 
possesses greater power than dynamite, which is due 
to an increased proportion of nitroglycerine and the 
use of explosive nitro-cotton in place of the inert kie- 
selguhr. The greatest care has to be taken in the man- 
ufacture of blasting gelatine, otherwise when in store 
it is liable to deterioration and even to decomposition. 
Up tothe year 1880 blasting gelatine was only pro- 
duced upon an experimental seale in this country, al- 
though its manufacture on a commercial scale had ad- 
vanced considerably on the Continent. In time, how- 
ever, it was placed upon the market in Great Britain, 
and for a while met with some success. Defects, how- 
ever, developed themselves in this compound, possibly 
from want of due care in manufacture, and it was 
withdrawn, only, however, to be replaced on the mar- 
ket afteratime. Blasting gelatine was largely used 
in the works of the St. Gothard Tunnel. 


GELATINE DYNAMITE AND GELIGNITE. 


Gelatine dynamite is an outcome of blasting gela- 
tine, and it occupies a place midway between the lat- 
r compound and dynamite. It consists of a thin 
blasting gelatine mixed with other substances, such as 
nitro-cotton and charcoal. Gelignite consists of gela- 
tine dynamite mixed with nitrate of potash or other 
nitrates. The varieties of these two explosives in prac- 
tical use contain nitroglycerine, nitro-cotton, nitrate 
of potash, and wood meal. They are similar in appear- 
ance to blasting gelatine, and while gelatine dynamite 
contains about 80 per cent. of explosive, gelignite con- 
tains 60 per cent. only. All three varieties are stated 
to be in regular practical use. 


ROBURITE. 


The author now comes to a series of explosives 
which belong to what is known as the Sprengel class 
or type, that is, explosives formed by the admixture of 
an oxidizing with a combustible agent, the constitu- 
ents themselves being non-explosive. The first of these 
for notice is roburite, which is a mixture of two sub- 
stances, neither of which separately possesses explosive 
properties. 

Roburite was invented by Dr. Carl Roth in 1886, and 
consists of a mixture of nitrate of ammonium with 
chlorinated di-nitro-benzole, the resultant being a yel- 
lowish powder. It volatilizes without explosion or 
ignition when slowly heated, and burns slowly in the 
open in small quantities. It requires an extra strong 
detonator to develop its power, and in this respect is a 
very safe explosive. 

In the early part of 1887 a factory was established by 
a German company for the manufacture of the two 
component parts of roburite at Rudersdorf, near Ber- 
lin. From thence they are conveyed as ordinary 
chemicals to Witten-on-the-Rhine, where they are 
mixed and the explosive is prepared for use. 

In July of the same year the Roburite Explosives 
Company was formed in England for the manufacture 
and sale of this blasting agent A factory has been 
built at Gathurst, near Wigan, where the manufacture 
is carried on, and which factory, by the courtesy of the 
Roburite Company, was. recently inspected by the 
author. The works are divided into two parts, com- 
pletely separated from each other. In the one the 
components are made; in the other they are mixed 


n following} 


together, and the explosive thus formed is packed in 
cartridges and sto ready for issue. 

The advantages claimed for roburiteare : 1. That the 
two components are perfectly harmless and inert sepa- 
rately, so that they can be stored and transported with- 
out any restriction. 2. That even when mixed or 
ground up together, the mixture is safe to handle and 
use, as neither concussion, friction, nor the application 
of an ignited or heated body will cause it to explode ; 
this can only be effected by using a strong detonator. 
8. That when detonated, roburite produces neither 
spark nor flame, and will not, therefore, ignite fire 
damp nor coal dust in mines. Dr. Roth states that this 
point was decided by the trials of the Imperial German 
Commission upon accidents in mines, and that in con- 
sequence this explosive is now being introduced into 
the coal-mining regions of Germany as affording abso- 
lute safety to the men employed. 4. That the quan- 
tity of noxious gases produced by its explosion is in- 
finitesimal. The report from a mine in Westphalia, 
with shafts about 1,500 feet deep, states with reference 
to roburite: ‘‘ The men are not inconvenienced by the 
gases, and experience no difficulty whatever in breath- 
ing the moment after a shot has been fired, and they 
resume their labor at once.” 5. That roburite is not 
subjegt to deterioration through climatic variations of 
temperature. It should be kept dry, but if it becomes 
damp, it is stated that its strength can be safely re- 
stored by drying. 

Roburite has been subjected to searching public 
tests. In June, 1887, a series of experiments wae held 
at Chatham under the superintendence of officers of 
the School of Military Engineering for the purpose of 
proving its safety and explosive power generally; and 
in Oetober of the same year the owners of the Monk 
Bretton and Wharncliffe Silkstone Collieries, in York- 
shire, and of the Silksworth and Bunker’s Hill Collieries, 
in Durham, provided facilities for exhibiting its advan- 
tages as a blasting agent for coal mines, which were 
fully demonstrated. 

The author's experience with roburite, although 

somewhat limited, is very satisfactory. He has seen it 
used in the Appley Bridge sandstone quarries, near 
Wigan, where in one case 114 |b. of black powder would 
have been used in a 3foot9 inch hole. The charge was 
8 oz. of roburite, which did its work well, shifting a 
heavy ledge of rock. In another hole, 3 feet deep, in 
which 44 Ib. of black powder would have been used, the 
work was excellently done by 3 oz. of roburite, the shot 
getting the block solid and without shattering, being 
precisely what the quarrymen wanted. The author 
also had experience of the use of roburite in the Ince 
Joal and Cannel Company's 4 foot Wigan seam, the 
pit being 425 yards deep. In this company’s pits com- 
pressed gunpowder was formerly used, but it has now 
been entirely superseded by roburite in all their work- 
ings, its use having extended over some ten months. 
The shots in the coal did their work most thoroughly 
without shattering, 3 oz. of roburite in one case getting 
|about 2 tons of coal, and 5 oz. in another case bring- 
ing down 5 tons. Some 8 oz. breaking-up shots fired 
jin the roof cut out the metal in one instance for a 
| length of 7 feet 6 inches, with a width of 7 feet by 2 feet 
| thick, and in another for a length of 6 feet, with a 
width of 7 feet and a thickness of 2 feet 4inehes. Al- 
though the author hurried back to the face of the 
workings, he could detect but the faintest trace of 
fumes, although he was keenly seeking for them. 
There, moreover, was no flame, for roburite is practi- 
cally flameless when exploded in confinement, the gases 
evolved by its combustion being of such a nature as to 
quench any initial flame there may be. The experience 
of Mr. Charles Cockson, the manager of the Inee Col- 
liery, isthat roburite and black powder stand in the re- 
lation of about three to one, that is to say, that where, 
as a rule, 12 oz. of compressed gunpowder were for- 
merly: used, 4 oz. of roburite are now employed with 
equally good results and at about the same cost. 

The value of roburite has been also appreciated by 
the Wigan Coal and Iron Company, who now useit ex- 
clusively in their pits. They, however, did not adopt 
it without making some searching tests in order to as- 
certain whether or not it would ignite an inflammable 
mixture in ordinary shot firing. The roburite was fired 
with avery light tamping in a highly inflammable 
mixture of gas and air, but without in any case explod- 
ingthe gas. Besides being used at the collieries already 
alluded to, roburite is also employed ina number of 
other pits in the Wigan district, as well as in Durham 
and the midland counties. Its rending power—as con- 
tradistinguished from shattering—and its practical 
flamelessness, make it a very useful explosive in coal 
mining. 





SECURITE, 


Another explosive of the same class as roburite is se- 
eurite, which consists of a mixture of di-nitro-benzole 
and nitrate of ammonium. It is the invention of Herr 
Schoeneweg, and has been in use in Germany for over 
two years. It is now being manufactured in this coun- 
try by the Flameless Explosives Company, at Denaby, 
Yorkshire. By the addition of an organic salt, securite 
is rendered flameless, and, therefore, forms a fitting 
explosive for collieries. Although flameless, it does 
emit a spark on = grew ; but this spark is powerless 
for harm, inasmuch as it does not possess sufficient 
energy to explode inflammable gases and coal dust. 
Moreover, the slight spark that is produced is instantly 
damped down by the action of the organic salt. It is 
stated that the addition of this salt tosecurite does not 
decrease, but rather adds to, its power, for it inereases 
the volume of gas, and at the same time the explosive 
force of the charge is raised. The flameless character 
given tosecurite by the organic salt can also be im- 
parted to ordinary dynamite by the same means. The 
flameless securite is a finely granulated yellow powder, 
which possesses the further recommendation of being 
non-hygroseopic. The author was present at some ex- 
periments made with securite in February, 1888, when 
in the first place a piece of dynamite was lighted with 
a match, when it burned quietly away. A piece of the 
same dynamite rendered flameless by admixture with 
some of the organic salt was then submitted to a simi- 
lar flame, but it could not be ignited. A similarat t 
to ignite the flameless securite was made, but with- 
out success. A red hot poker was then used, but this 
only caused a browning of the powder and the deatruc- 





tion of such tons of it as came in contaet with the 
poker. No whatever was produced, the powder 
only disappearing in the form of smoke, a hissing sound 
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ving the conversion of the solid into vapor. 
goons Peartriage of ordinary dynamite was then laid 
on the ground and exploded bya detonator, a consider- 
able flash being produced upon explosion. A 2 oz. car- 
tridge of flameless dynamite, which consisted of 50 per 
cent. of dydamite and 50 per cent. of organic salt, was 
then similarly exploded, but without any flame being 
developed. A similar cartridge of flameless securite 
was now exploded in the same way, and with exactly 
the same result. This experiment was repeated with 

esponding success. 

* pare to test these explosives under conditions 
somewhat approaching tot of mining, some 18 in. 
lengths of i in. wrought iron tubes had been sunk 
into a bank of earth. In one of these was placed 2 oz. 
of flameless dynamite, composed, as before, of 50 per 
cent. of dynamite and 50 per cent. of the organic salt. 
On being exploded, no flame was visible, but the pipe 
was smashed, and the earth was well opened around 
it. Another tube was charged with a2 oz. cartridge 
of flameless securite, but the fuse proved faulty, 
and blew out, without exploding the detonator, the 
charge remaining intact. As there was not another 
tube available, and as it would have taken some time 
to remove the tamping and draw the charge, the ex- 
periiuent could not be repeated. Sufficient, however, 
was done to demonstrate the safety and flamelessness 
of the new securite, so far asa sight test went, and to 
show that, other things being equal, safety in coal 
mining might be assured by its use. 

The flameless character of securite having been called 
in question, the author was nominated by an independ- 
ent authority to act as referee in settling the point as 
between the Flameless Explosives Company and those 
who disputed the flamelessness of securite. The tests 
took place in May, 1888, when the company was repre- 
sented by their engineer, Mr. Ernest Spon ; the parties 
making the allegations being also represented by an en- 
gineer of experience in the use of explosives. The tests 
under the author's supervision were ade with the view 
of ascertaining whether or not flameless securite was 
really flameless upon explosion, and to this end the se- 
curite was exploded in a mixture of atmospheric air 
and common coal gas contained in a wrought iron 
cylinder. 

“This firing cylinder was connected with a gas holder, 
an apparatus for measuring the gas supplied to the fir- 
ing cylinder being mounted on the tubing between the 
two. The object was to form mixtures of gas and air in 
certain known and definite proportions. These were, in 
the first instance, 1 part gas to 14 of air by measure and 
afterward 1 part gas to7 of air, forming the most highly 
explosive gaseous mixture. The explosives tested were 
gunpowder, securite, flameless securite, and dynamite, 
the charges being fired by electricity. Sixteen experi- 
ments in all were made, which were set out in detail in 
the author’s report to the sayy ped but it will be suffici- 
ent forthe present purpose if he generalizes the results, 
which he has the permission of the company todo. The 
various charges were exploded, both with and without 
the addition of gas to the air in the cylinder, in order 
that the comparative effects of the explosions might be 
noted and that there should be no mistake as to the re- 
sults ifand when the gas was exploded. A charge of gun- 
powder fired in the gaseous mixture exploded the gas, 
but a charge of flameless securite, fired under similar 
conditions, failed to do so, the test being repeated with 
a similar result. These charges were placed in a hole 
bored in a block of wood to imitate a bore hole, but it 
being considered that too much protection was afforded 
to the flameless securite, thus favoring it somewhat, it 
was decided to place the cartridges in earthern vessels 
and surround the explosive with coal dust. This was 
something beyond an approximation to firing a shot in 
a coal seam ; it was far beyond it, and in the author's 
opinion constituted in itself a crucial test, the cartridge 
being surrounded by loose coal dust, with the top of 
the cartridge case open, and fired in a highly explosive 
gaseous wixture. Charges of securite fired under these 
conditions exploded the gas, but charges of flameless 

securite failed to do so, although repeatedly tried with 
the proportion of gas increased from one fifteenth to one 
eighth. In the case of dynamite, a cartridge was ren- 
dered flameless by being placed within a cartridge case 
containing some of the quenching salts. It was fired 
under similar conditions as to coal dust and gas as 
were the other explosives, but in the result the gas was 
not fired. The author’s opinion is that flameless se- 
curite proved itself to be flameless on explosion, and 
that its safety asa blasting agent in fiery mines was 
demonstrated by the searching tests to which it was 
successfully submitted, and which opinion was unre- 
servedly accepted. 

Two months later, namely, in July, 1888, a second 
series of experiments was carried out with flameless 
securite by Mr. C. E. Rhodes, the manager of the Ald- 
warke Colliery, Rotherham. The object with which 
Mr. Rhodes’ tests were carried out were, of course, 
similar to those in the previous case—namely, to test 
the safety of flameless securite. 

The apparatus with which his experiments were made 
was of a less extemporized character than that used in 
the author's trials. It was, in fact, the apparatus with 
which Mr. Rhodes has carried out so many safety lamp 
tests. It consists of an arrangement for providing a 
highly explosive mixture of purified coal gas and air, 
traveling at a velocity of about 6 feet per second 
through a chamber 11 feet 6 inches long by 3 feet dia- 
meter, and capable of containing about 80 cubic feet 
of the explosive mixture. 

The charges were fired in a large iron block with 
holes in the side of it 2% inches deep and 114 inches 
square. This block of iron was capable of resisting 
the foree of the charges in it, and as the block, when 
the charge was fired, did not give way, the effect of 
the explosion was identical with that produced by a 
blown-out shot in actual mining operations. Tests 
inade with a small amount of tamping on the top of 
the flameless securite demonstrated that there was no 
flame nor firing of the explosive mixture. Other tests 
were conducted in order to, if possible, more severely 
try the securite, and two shots were fired with the 
securite after beiag tamped and then covered with gun- 
powder, the result being that there was a slight sec- 
ondary explosion after the firing of the charge of se- 
ae but there was no ignition of the explosive mix- 
This secondary explosion may have been caused 
by the frietion arising from the gunpowder being 
violently thrown against the iron sides 





| The flame observed could hardly be termed an explo- 
sion ; it more nearly approached that of the ignition of 
sarticles of ganpowder separated from one another. 

he explanation given by Mr. Rhodes as to why the 
explosive mixture was not fired is that it was displaced 
by the first explosion of the securite, and that, in con- 
sequence of the safety valves being open, the vessel 
would not get filled again with an explosive mixture 
srior to the gunpowder (if such was the case) falling 
~~ in an ignited condition. 

Mr. Rhodes does not attach much importance to 
this experiment, as it was one of such a character as 
would not arise in practical working, but it was made 
in order to test the securite as higbly as possible. 

The next series of tests was made with coal dust and 
gunpowder, and when placed lightly in the coal dust 
and surrounded with gunpowder, the securite did un- 
doubtedly fire the gunpowder. To this test Mr. 
Rhodes does not attach any value, as the securite was 
in direct contact with the gunpowder, and there was 
no stemming or tamping. He observes that as gun- 
pow@er is an explosive, and therefore contains its own 
oxygen, the gases given off by the explosion of secur- 
ite, upon the extinguishing properties of which its 
safety depends, are useless, and of no avail when deal- 
ing with it or any other explosive, farther than that it 
is practically mixing one explosive with another, both 
of which are in all probability fired by the detonator. 
| Experiments were then made in order to test the 
strength of securite as compared with gelatine dyna- 
mite and gunpowder, and these tests, so far as they 
went, were very satisfactory. Further tests were made 
with securite in an explosive mixture, and when 
tamped or stemmed even very slightly, in no case was 
there any firing of the explosive mixture. Mr. Rhodes 
has further experimented with securite, and has fired it 
in’an explosive mixture, in one case tamped with — 
| and then covered to the depth of about 4 inches wit 
|fine dry coal dust, and in another instance tamped 
| with coal dust in a perfectly fine and dry state, and 
| covered with coal dust as before, and in each case there 
was not the slightest indication of flame, As the re- 
| sult of his experiments, Mr. Rhodes gives it as his opin- 
ion that flameless securite is a most valuable blasting 
agent, and one which, if properly used, will give an as- 
surance of practically absolute safety in mining work 
so far as the communication of flame to the surround- 
ing atmosphere is concerned. Mr. Rhodes also ex- 
presses the opinion that flameless securite does not ap- 
pear to have its useful effect impaired by keeping, that 
it is not affected by moisture in the atmosphere, that 
one-third by weight as compared with gunpowder will 
do the work in coal as effectively as will the latter ex- 
plosive, and that the fumes given off by securite are 
neither so strong nor so objectionable as those cf gun- 
powder. 





BELLITE. 


Another explosive belonging to the same group as 
the two immediately preceding compounds is bellite, 
which is the invention of Mr. Carl Lamm, a Swedish 
engineer and chemist. Having developed his inven- 
tion into practical form, a factory was built near 
Stockholm, in which the manufacture of bellite was 
commeneed toward the end of 1887. Since that time, 
owing to its power and safety, it has come well into 
use in Sweden for general mining purposes, beyond 
which the Swedish government has adopted it forsub- 
marine mines, torpedo work, and for charging shells 
for artillery purposes. 

Itis alsoin use in Australia for mining purposes, 
having made its mark there very quickly, owing to its 
merits. 

This explosive is composed of di-nitro-benzole and 
nitrate of ammonia in certain proportions, the ingredi- 
ents being mixed together and then subjected to heat. 
| While still warm the plastic mixture is moulded into 
cartridges, which, on cooling, are found to be more or 
less solidified. 
| Bellite owes its practical success to the cirenmstance 
| that it possesses several special and important attri- 
| butes, prominent among which are its immunity from 
explosion by shocks, pressure, friction, or exposure to 
| flame, its comparative incombustibility, and the ab- 
| sence of noxious gases after its explosion. It is also 
stated to be non-hygroscopic and flameless, and to un- 
dergo no change from atmospheric influences. Its 
great safety lies in the fact that, like its two congen- 
ers, it can only be exploded by the aid of a detonating 
cap. - 

Upon two occasions the author has been retained by 
the bellite company to assist at and report upon ex- 
periments made with their explosive. The first series 
of trials, which was carried out in November, 1888, at 
Middlesbrough, extended over two days, and were 
eee by Mr. Lamm and Mr. C. Napier Hake, 

The main advantages claimed for bellite, and as to 
which the author was requested to report, are: 1. 
That it cannot be exploded by shock or fire, but only 
by a detonating cap. 2. That it does not shatter like 
dynamite, but ee a more rending action, and is more 
powerful than the latter explosive. 3. That it does 
not give off noxious fumes upon explosion. And 4, that 
it is flameless upon explosion. 

The first day’s experiments, which took place at the 
Clarence Works of Messrs. Bell Brothers, were for the 

urpose of demonstrating the safety, power, and spe- 
cial action of bellite. Its safety under concussion was 
shown by a weight of 1,120 1b. being dropped from a 
height of 20 feet on to a bundle of bellite cartridges 
placed on an iron plate. The result was that the car- 
tridges were simply crushed. Its safety in an explosive 
flame was demonstrated by surrounding some bellite 
eartridges with 1 lb. of ordinary gunpowder, and ig- 
niting the latter. The explosion of the powder merely 
broke up and scattered the bellite cartridges about. It 
is claimed that bellite placed in a % inch deal box can- 
not be exploded by the explosion of a cartridge of the 
same material on the outside. This was successfully 
accomplished, but, in the author’s opinion, the test, 
although a crucial one, is not practical. It is one, 
moreover, in which the line which divides success from 
failure is a very narrow one. This was shown by 
the fact that in a similar experiment made with a 
1g inch deal box, the contents were exploded. The 











safety of bellite in a coal fire was demonstrated by 
poe portions of a cartridge in a smith’s forge, and 
lowing the forge. The bellite was slowly melted and 


the chamber. roasted, neither burning nor exploding. 





The power of bellite and its special action relatively 
to dynamite was shown by detonating charges of the 
two explosives on 3 inch boiler plates. The charges 
were fired in three rs, the explosives in each r 
being of equal weight, and fired under corres ing 
conditions. The results showed that the work done in 
the first and second pairs was practically equal, but in 
the third pair the power developed by the bellite was 
slightly in excess of that of dynamite. The difference 
of action between the two explosives, however, was 
very marked, the plates attacked by dynamite either 
showing a fracture over asmall area or having a piece 
blown out, indicating a sharp local action. On the 
other hand, the plates acted upon by bellite were 
either more deeply indented than the corresponding 
dynamite plates or the fractures extended over a 
greater area. This ie attributable to the somewhat 
slower action of bellite, the power developed being 
thus more widely diffused. 

The second series of experiments of this class were 
of a similarly comparative character to the foregoing. 
They were carried out on 70 |b. steel rails, which were 
variously fractured or broken through, according to 
the quantity of explosive used. The results contirmed 
those of the plate experiments, and pointed to the lo- 
calized action of dynamite as against the more dis- 
tributed effect of bellite. 

The concluding experiment of the day consisted in 
firing a 3 lb. charge of bellite buried 4 feet in the earth. 
Large quantities of earth were projected to a height of 
about 100 feet, and a crater 11 feet in diameter and 9 
feet deep to the loose bottom was formed. The same 
weight of gunpowder was exploded under similar con- 
ditions, and simply lifted the earth a few feet, leaving 
a hole 4 feet in diameter and 2 feet deep. 

The trials on the second day, in the North Skelton 
ironstone mines of Messrs. Bolckow & Vaughan, were 
of a more practical character, the object being to illus- 
trate the use of bellite in actual work. All the shots 
were fired in close headings underground. In every 
case the charge of bellite used was half the weight of 
the charge of compressed gunpowder which would 
have been employed in the same hole. The work done 
in all cases compared well with that effected by gun- 
powder under similar conditions. In every case the 
author hastened back to the facing directly after a 
shot had been fired, but in no instance could he detect 
the slightest trace of noxious fumes. Neither did he 
experience any ill effect whatever from the results of 
the explosions, although he was in the workings for 
about 444 hours. 

No experiments were made in support of the claim 
of flamelessness of beilite. The author, however, care- 
fully watched the explosions of the bellite and dyna- 
mite cartridges during the experiments in the open on 
the previous day. Upon several occasions he saw flame 
proceed from dynamite, but he never once saw any 
flash from bellite. Of course this wis only a sight 
test, and is not conclusive, but as far as ocular demon- 
stration went, it was satisfactory. 

The author’s observations enable him to state that 
the claims advanced for bellite were established by 
the experiments at Middlesbrough and North Skelton, 
and were confirmed by the further series of experi- 
ments at Chadwell Heath, Kssex, in February last, 
which he attended for the Bellite Company. 

(To be continued.) 








ECONOMY IN PAPER MAKING. 
By GEoRGE E. Davis and P. DuxBuRY. 


In these days of small profits it has become necessary 
to economize all the materials used in paper making, 
and as soda is of comparatively high price and largely 
ewployed to dissolve out the incrusting matter from 
wood, straw, and esparto, the recovery of that soda for 
use over again has become an important matter. But 
not only bas the recovery of soda an important bear- 
ing upon the economics of paper making; it has also 
a sanitary side, and there is no doubt the time is very 
near at hand when manufacturing refuse of all kinds 
will have to be kept out of the watercourses. Of 
course, by this time it is well known that under certain 
conditions the recovery of the soda from the spent lyes 
is a very profitable operation ; but it is quite conceiv- 
able that the soda may be so much diluted as to be 
the reverse of profitable. The question, however, does 
not end here, and it is becoming more and more a 

uestion, not of what it pays to do, but of satisfying 
the requirements of riparian owners. 
In a paper read by one of us before the Scottish 
Paper Makers’ Association, it was shown that the same 
weight of soda exists in 500 gallons of liquor at 10° Tw. 
and 2,500 gallons at 2° Tw., and by consequence in 5,000 
gallons at 1° Tw., or in other words, to obtain the 
same amount of soda 5,000 gallons would have to be 
evaporated if the liquor was 1° Tw., but if it was 10° 
Tw. only 500 gallons would need to be treated. Now 
it is quite certain that there is a point between these 
two extremes—1l* Tw. and 10° T'w.—wherein evapora- 
tion ceases to pay expenses. If this proposition be 
established, the exact line of demarkation between the 
profitable and unprofitable should be an important 
consideration for the pager maker. It is easy to find 
out where this point is. The cost of evaporating 140,000 
gallons of 6° Tw. liquor per week of 132 hours by the 
**Porion” system may safely be put down as follows: 





Per week. 

Interest on capital, 5 per cent........ £0 12 6 

Depreciation, 10 per cent........ .. oD oe 

Repairs to furmaces...........+...... 0 5 0 

Wages: Four men at furnaces....... 6 00 

Wes : GE Cems AE GR. 26. ccccoses cose 13 0 0 
% 12 


Now the ash recovered from the furnaces seldom teats 
more than 40 per cent.; after the organic carbon has 
been completely burned off in the dens it will test 
more, but from 35 to 40 per cent. may be reckoned the 
average strength—let us say 40 per cent., which should 
be attained if high strength caustic soda has been used 
to make up the lye. Pro rata, and with ammonia soda 
ash at £5 per ton, 40 per cent. recovered ash should be 
worth 69s. per ton, but as there are expenses in dis- 
solving and ——e the insoluble residue, it would 
e 





not be safe to take the value of 40 per cent. recovered 
soda as being more than £38 per ton, so that in this case 
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nearly 8 tons of 40 per cent. recovered soda would have 
to be produced from an apparatus capable of evapo- 
rating 140,000 gallons per week before the expenses are 
met. Roughly, these 8 tons would be contained in 
liquor of 3° T'w., so that it is quite clear that liquor of 
8° Tw. does not pay to evaporate per se, that is to say, 
it only a little more than covers expenses. The fuel 
account given above only serves for weak liquors, and 
no inferences must be drawn from it for strong liquors ; 
thus, for instance, though such an apparatus working 
to its full capacity would only produce 8 tons of soda 
weekly from 3° Tw. liquor by burning 45 tons of fuel, 
it would produce 35 tons of soda weekly from 10° Tw. 
liquor with about 30 tons of fuel, on account of the in- 
creasing quantity of organic or fuel matter in the 
stronger liquor; but on the other hand four men at the 
furnaces would be more than sufficient, half the num- 
ber would suffice, say one by day and one by night. 

Following this point up, we determined to see what 
percentage of soda could be recovered in the labora- 
tory, when imitating exactly the large seale esparto 
boiling operation. With this end in view, we boiled 77 
grammes of esparto with 10 grammes of high strength 
caustic soda, dissolved in just sufficient water to cover 
the grass, under pressure in the usaal way. The lye 
before boiling stood 6° Tw. After five hours’ boiling at 
4 atm. the whole was taken from the digester to drain. 
The “ boilings ” consisted of 435 ¢. ¢. of spent lye at 8 
Tw.; the cellulose was then washed with water until 
the washings stood 4° Tw., of which there were 160° C. 
Let us follow the practice of some establishments and 
call these the ‘‘coolings.” Another wash was given 
yielding 100 c. c. at 144° Tw., after which the resulting 
impure cellulose was well squeezed and dried at 100 
C. The yield was 46 per cent. The * boilings,” ‘‘cool- 
ings,” and “ washings’ were now separately evapo- 
rated and finished into ash, the amount of soda recov- 
ered being estimated in each : 


The boilings yielded. ....... ... #27 grammes. 
The coolings yielded............ 084 
The first wash yielded.......... 0°18 

6°29 


The dried impure cellulose was burned, and from the 
ash was extracted by water 0:0434 gramme soda (Na,Q), 
or nearly 0°56 per cent., and the amount of soda in the 
insoluble residue was 0°37 gramme, or 5 per cent. of 
the total soda employed. These figures are of some 
importance, and tabulated stand as follows : 





Per cent. 

Boilings a fae | 
Goolings.... 1006.6. .... 4 Tw. ........ 110 
Washing... 100c.c..... 14g Tw. ........ 2°00 
In cellulose, soluble........ ....... ee 
In cellulose, insoluble................ .. 500 
Total soda recovered............ veeesis Se 


A further 'anlysis revealed the fact that the percentage 
composition of the ash was not the same in the case of the 
three solutions, the coolings being more impure than 
the boilings, and the washings the most impure of the 
three. Of course we are well aware that the pulp 
would be mere effectually washed on the large scale 
than in our experiments, but that has nothing to do 
with this problem. 

Now as to the character of the ash recovered. We 
have already stated that high strength caustic soda 
(77 per cent.) was employed in these experiments, which 
if simply carbonated with carbonic acid yields a recov- 
ered ash of 56 to 57 per cent. But it is well known 
that soda gathers up many impurities from the esparto, 
and the extent of this depreciation may be judged 


be required by commerce. It is performed in pug 
mills actuated mechaniealiy, and identical with those 
used in ceramics. The clay comes from the mill per- 
fectly homogeneous and in a state of medium plas- 
ticity. It is then carried by an elevator to the rooms 
of the rollers in the upper part of the building. It is 
distributed in blocks over wooden tables, around which 
are seated twelve- or fifteen-year-old children, who are 
called * rollers,” and who take a block of — size in 
each hand and form it into a ball by rolling it on the 
table in different directions. Then, exerting a pressure 
with the hand upon a part of the ball, and giving it a 
back ward and forward motion, they very quickly give 
it the form of a pipe whose bowl and stem are in the 
saine axis. They have produced a “roll.” The roll 











| made, they bend up the head of it slightly and place it 

| alongside of them upona board. These boards, con- 
taining a definite number of rolls, are carried to the 
moulders. 

| The moulders’ tools are: a mould of one or more 


| pieces ; a compressor ; a long needle ; a steel knife; and | 


| & press. ’ 
he mould for simple pipes consists of two pieces of 


‘hollow steel, fitting together very accurately. For| 


|}ornamented pipes, it is of several pieces of chiseled 
| bronze held together in a steel case. The compressor 
is of steel and is mounted upon a handle, and has the 
internal form of the bowl. The press is an ordinary 
| vise fixed to the edge of the table. 

When the roll reaches him, the moulder places his 
|open mould before him, and then taking a roll, the 
|head of which he places upon a special support, he 


| thrusts his needle into the center of the tail of the roll | 


removes the lines or sears formed on the stem by the 
various parts of the mould, and, with a copper tool, 
indents the figures that are to appear upon the pipe. 
He then arranges the pipes upon other boards, and 
leaves the needle in them so as to prevent a curvature 
of the stem during drying. The boards, holding a 
gross of pi are taken to the driers, whose tempera- 
ture is very high. 

When the pipes are sufficiently.dry, workmen polish 
them with tools analogous to those used by burnishers, 
and which are maneuvered in the same way. 

The — are then carried to other workmen, who 
verify them, reject the defective ones, and proceed to 
put the perfect ones in the saggers. These latter are 








terra ¢otta boxes in which the pipes are arranged in 





Fig. 1.—PIPE MOULDER'’S TOOLS. 


|eireular beds, the bowls placed downward, and the 


stems united above bya defective stem in order to pre- 
vent them from getting out of place during carriage. 
When the saggers are full, they are carried to special 
furnaces, and are superposed as in pottery furnaces. 

In large manufactories. the operation of baking is 
the same asin potteries. The furnaces are in batteries 
|of three: while one of them is being fired, another is 
in process of cooling, and the third is being charged. 

Each furnace bakes about 600 gross of pipes per day 
The duration of the baking varies according to the 
clay, but it is at least five hours, and sometimes reaches 
eight or nine. 

After the baking the furnace is allowed to cool for 
about twenty-four hours, then the saggers are taken 
|out and the pipes removed. The latter are then exam- 
| ined, and those that are well baked are polished anew. 
Although the pipe is finished, it has yet to undergo 


from the following analysis, with which is given an | and pushes it up to the head, guiding it with two fin-| another operation before it can be used, and that is 


analysis of the caustic soda used reckoned on 43°6 per 


High strength Recoverec 

canstic soda, 

Botal pies... .ic....ics BO....... B® 
Sodium sulphhate......... .. 3°82........ 761 
Sodium silicate.............. O05........ 3°12 
Sodium chloride............ 062.... ... 2°46 


In the foregoing experiments, the spent lyes were 
evaporated and calcined in a nickel dish, the gas flame 
being placed underneath during calcination, the lye 
being first of all brought to the solid state on a water 
bath. We have also experimented further upon the 


loss of soda, inerder to locate this loss, as well ag to eh- | 


deavor if possible to produce only strong lyes for evap- 
oration, but must reserve these for a further paper.— 
Chemical Trade Journal. 


HOW CLAY PIPES ARE MADE. 


THs clay pipe, like the needie, has to undergo a large 
number of operations before reaching the state in 
which we find it in commerce. The manufacture of it 
requires much manipulation, and, despite the progress 
of mechanics, the machine has not been introduced. 
The advent of the clay pipe in France dates back to 
1560, the epoch at about which Jean Nicot imported 
tobacco. Then nothing but the pipe was smoked, in 
imitation of the savages. Since that period, the clay 
pipe has passed through every form and every color, 
and, after serving to caricature certain persons, it to- 
day reproduces the features of the men of the day with 
great accuracy. 

For the manufacture of pipes, all clays are not 
equally utilizable. Use is made of plastic and usually 
white clay, and sometimes of clay colored by metallic 
oxides. Such claysare not met with in France in a suffi- 
cient state of purity. They are found only in the Bel- 
gian Ardennes. 

Cleaning.—These clays always contain impurities, 
consisting of oxides, sand, fragments of rocks, etc.. in 
variable proportion. The first operation that the ma- 
terial undergoes is consequently a cleaning, which is 
done partly by hand by children, and is finished by a 
washing of the clay and allowing it to deposit in basins 
of large dimensions. 

Mixing.—'The second operation is the mixing of the 
earths in definite proportions. As each clay has a dif- 
ferent property, the mixing of several kinds is neces- 
sary in order to obtain products that vary as to color, 
hardness, ete. 

This mixing is one of the principal secrets of the 
manufacturer, and an operation that requires no end 
of study before giving such or such a product as may 


gers of the left hand, so as to keep it exactly in the 
| center. An inexperienced person who should try to 
| shove the needle into the roll could not advance more 
than half an inch without pushing it through the side, 
| while the workinan performs the operation in a few 
instants on pipes 15 inches in length and 0°15 of an inch 
in diameter in the thickest part. 
This operation is performed in the same way upon 
pipes of all sizes. 
he roll thus pierced, and still containing the needle, 
is placed in the mould, and the latter is closed and put 
|in the press. Then the workman takes his compressor 
|and pushes it into the open part of the mould until he 
meets with the extremity of the needle that enters the 
bowl. e clay is thus compressed and the excess is 
removed by means of the knife. The moulder then 


removes his tool, opens his press, and then his mould, 
takes out the pipe and passes his knife over it so as to 
remove the traces of the junction of the two parts of 
the mould, takes out the needle, and places his pipe 
upon a board alongside of him. 

The pipes are arranged with care upon these boards, 
with their stems resting here and there upon small 
sticks or else upon very fine sand. 

When these boards are full they are delivered to the 
finisher, who allows the pipes to harden a little before 





finishing them. The finisher begins by passing another 
needle into the stem, then scrapes off the seams, and 


|dipping. The object of this is to remove the porosity 
| of the clay, which without this would stick to the lips. 
|For this operation, the pipes are taken and dipped, 
| one by one, in a hot bath of soap water and wax, and 
| then drained and dried. 
The manufacture of the common pipe is at length 
finished ; but, before being delivered to the trade, cer- 
tain other operations are necessary : it must be labeled, 
and certain styles be wrapped up, and all must be 
packed. 
The packing is done in wooden boxes filled with 
straw. The pipes are arranged alongside of each other 
| in the boxes, and the intervals between them are filled 

with fine straw. The workmen must have some experi- 
|ence, for, if the packing is too tight, the jolting that 
| the box receives will be transmitted to the interior and 





Fie. 2—PIPE MOULDER'’S TABLE. 


break the pipes ; and, if it is too loose, the pipes will 
strike against each other and pieces will get chipped off. 

This operation must be carefully performed, as some 
boxes go to Ameriea, others to Australia, South Africa, 
and even to Northern Siberia. . 

All the operations above described are applied to the 
wholly white pipe. If the pipe is colored, it necessi- 
tates several new operations. After the pipes have 
been baked, they are carried to the glazing room. The 
operators in this latter are asually women, each of 
whom has in front of her a series of cups containing 





liquid glazes of various colors, and each cup provided 
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,all stick. Each pipe is taken up by the ope- 
rator, who, with the stick, puts a glaze upon it either 
in the form of dots or bands. It is in this way, ve te 
dot, that the pipes that are styled glazed are finished. 
These pipes are remarkable for the finish that they 
' bit. 

; ithe pipes thus ornamented are arranged upon plates 
and put in furnaces raised to a high temperatare, 
wherein they undergo a new baking that vitrifies the 
ciazing. Then, after being labeled and wrapped up, 
they are packed. 

So much for the manufacture of pipes properly so 
called. With such manufacture is incorporated an 
accessory one—that of moulds. The moulds are of 
steel and of bronze. Moulds for plain pipes are of steel, 
and those for ornamented pipes are usually of bronze 
ehilled internally. If the pipe represents a head ora 
complicated subject, this part of the mould is made in 
several pieces in order to allow of the removal of the 
object. In this ease, the mould is always complicated, 
and is made with diffieulty, for all the parts of it have 
to fit accurately and without leaving any seams on the 
figure 

“The workmen who make these moulds must know 
how to seulpture very well, and must also possess some 
skill in the reproduction of complicated subjects, and 
know how to divide and arrange their noulds. These 
moulds are very costly. Some of them, which furnish 
true works of art, have cost as much as $600. 

We said in the beginning that mechanics could not 
be applied to this industry, and the reader has now 
seen that the only operation that could be performed 
mechanically is that of moulding. 

The clay pipe industry is remarkable from more than 
one point of view. Aside from the difficulties of manu- 
factaring, we find the division of labor pushed to its 
extremest limit, and this permits of a cheap produc- 
tion and of selling prices as low as one-fifth, two-fifths, 
and three-fifths of a cent, after passing through three 
hands—those of the producer, the wholesaler, and the 
retatier 

It is remarkable in that it gives employment to an 
entire family, and that, too, without occasioning a 
fatigue disproportionate to age or sex. This manufac- 
ture is essentially French, and its importance is daily 
increasing, despite the formidable competition of 
wooden pipes and of cigarettes, our products being | 
much superior to those of other countries. 

A pipe manufactory occupies an area of about 100,000 
square feet and gives employment to from five to six 
hundred persons, exclusive of children less than twelve 
years of age. The annual product is 120,000 gross. 
The number of styles is infinite and is daily increasing, 
as the dealer is continually asking for new models,— 
Les Inventions Nouvelles. 
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VI.—SomME APPLICATIONS OF ELECTRIC TRANS- 
MISSION. ‘ 


By FRANK J. SPRAGUE. | 


It is unnecessary at this late day to dwell at any 


great length upon the theories which govern motor or} 
| creased. 


dynamo construction, or to enlarge upon the advan- | 
tages of electric transmission. The one you can get 
from writers better able than lam to cope with ab- 
struse investigations, and the other will be afforded | 
you by the technical journals of the day. It will be} 
my endeavor to briefly explain the various methods | 
fur the transmission of energy by electricity, to give | 
as practical explanation of the operation and govern- 
ment of motors as I can, and to review some of the} 
many applications which are crowding upon us in such | 
a way as to leave you with perhaps a more practical 
idea of this new and growing industry than will be de- 
rived ordinarily from text books. To this end, I shall 
avoid as much as possible any elaborate mathematical 
formulas, and discuss the questions as they come up 
from the standpoint of every day practice. 

It will be proper then for me to first consider the} 
various types of motors classified electrically, explain | 
their action on different circuits, then to consider their 
application to the ordinary distribution from power 
centers and their special application to long distance 
transmission such as miuing work, and finally the ques- 
tion of railroad propulsion 

In considering the operation and regulation of 
motors it is essential to get thoroughly into mind the} 
fact that an armature when moving in a magnetic 
field invariably has an electromotive force developed 
in its coils, independent of what is the cause of that 
motion, whether it be in a machine, designed as a dy- 
namo to supply current, or a motor to use current for 
supply of mechanical power ; in fact, a motor may be 
considered asa dynamo machine propelled by a cur-| 
rent which has generated in its armature an electric | 
force of precisely the same kind as would be developed | 
were the motor driven by a belt instead of a current. | 
This electromotive force is ordinarily 





called the} 
counter electromotive force. because it is opposed to | 
that of the line current which is owing into the motor. 
] prefer to call it a motor electromotive foree. With 
any given winding and dimensions this m.e.iun-.f. de- 
pends upon the strength of the field and the speed of 
the armature. The difference between this motor elec- 
tromotive force and that of the line is the effective 
electromotive foree, and with the resistance of the cir- 
cuit determines the strength of current which flows. 
rhe ratio of the motor to the initial electromotive 
force determines the electrical deficiency of the circuit. 

Motors may be deseribed as belon ging to one of three 
different systems : first, those in which the field mag- 
net is exeited by a coil in parallel cirenit with the 
artnature ; second, those in which the field magnet is 
in series with the armature ; and third. those in which 
there is a combination of these two, the two coils be- 
ing of the same or of opposite polarity. 

here are also many combinations of these arrange- 
nents, 

‘These machines may be pl 
kinds of cire , 
each case. 


i é aced upon three different 
cuits, their performances varying widely in 
hese are : first, a constant current circuit. 


in which the volame of current passing through the 
motor is maintained at a fixed quantity, while the 
potential at the terminals of the motor varies ; second, 
® constant potential cireuit, that is, one in which the 








NON-RESIDENT LEC-| 


electromotive force at the terminals of the motor re- 
mains fairly constant and the current varies with the 
] the same condition whieh you have in the 
most water and gas supplies ; and third, a circuit in 
which both the potential and current at the motor 
vary. 

1 will briefly consider the action of the different 
kinds of machines on the various cireuits, and then 
some methods of regulation. First, on a constant cur- 
rent circuit. 

If a series-wound machine be placed upon such a cir- 
cuit, it will develop a constant torque, which torque 
is directly proportional to the strength of the field 
magnet and the armature. If the mass of iron is large, 
this torqme will be directly proportional to the effective 
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ampere turns in the field magnet, and the work done 
will be directly proportional to the speed. If the motor 
be at rest, there will exist a difference of potential at 
the terminals of the machine equal to the product of 
the current and the resistance of the machine. When 
| running, however, an electromotive force will be de- 
| veloped in the machine, and the potential at the ter- 
| minals of the machine will rise by this increment. The 
| work done may be expressed by the product of this 
|electromotive force and the current, or eC. The re- 
|sistance determines, in combination with the other 
| elements, the efficiency of the motor. The total energy 
| expended is the product of the difference of potential 
| existing at the terminals of the motor and eames 
e e 
| flowing, or E C. The efficiency then is or — 
EC E 
and the heat waste (E—e) C. 
When running at any particular speed, the work will 








EL 


machines are not automatic, since, as already stated, 
with any fixed field the torque is constant, and the 
work done is directly proportional to the speed. The 
machine has the highest efficiency when running at the 
highest speed. 

There are two ways by means of which a constant 
current series wotor can be governed. One vonsists in 
automatically changing the motor electromotive force 
by changing the position of the brushes on the commuta- 
tor to positions more or less removed from their normal 
one. Inasmuch as the proper position for brashes is 
at the point of least sparking on the commutator, and 
any displacement therefrom is accompanied by the 
short-circuiting of coils or blocks with a large difference 
of potential between them, this is one of the most 
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vicious and most objectionable methods which can he 
| devised, and in large machines using heavy currents ix 
| certain to bring serious disaster. 

The other method consists in varying the motor elec- 
tromotive force by weakening the field as the load is 
diminished or strengthening it as the load is increased, 
generally by cutting out or in the field coils or com- 
mutating them, or shunting with a resistance by con- 
| tact plates operated by a centrifugal governor. There 
| are of course other methods of accomplishing the same 
| result. 

With shunt machines, the action on a constant cur- 
|rent cireuit is much different. Here the current is 
| divided in two cirenits, such division, when the motor 
| is at rest, being inversely proportional tothe resistance 
| of the two parts of the circuit. With such a motor, the 

field is weakest when the machine is at rest, and its 
| torque or rotary effort is also very weak. If the load 
be net too great, the speed of the machine will in- 











| 








be increased directly as the field naguet strength is in- | crease, a counter electromotive force is set up, the 
The heat waste with any given resistancein a | potential at the terminals of the armature and field 
machine under these conditions is constant. The di-| magnets rises, the current in the armature diminishes 
rection of rotation of such a machine can be reversed | and that in the field magnet increases. Provided there 
by reversing either the armature cireuit or the field | is sufficient iron in the field magnets, the torque or 
circuit ; if both circuits are reversed, then the machine | rotary effort will increase in a decreasing ratio until 


will run in the same direction. 


For many classes of work this kind of machine is ex- | field magnet. 
ceedingly useful, becanse it admits of a great range of | 
If such a machine, with fixed circuits, | fifty per cent. total efficiency. If the work be lightened, 


hand control. 
however, be put on ordinary work, and this work be 
lightened up, the machine will run faster and faster, 





about one-half of the current is flowing through the 
At this moment the machine will be 
doing its inaximum amount of work, and at lers than 


the machine will increase ite speed until, when the 
work is entirely removed, there wil! be practically no 


INTERIOR VIEW OF THE ROLLER FLOOR OF THE LARAMIE MILLING AND ELEVATOR 


CO.’8 FLOURING MILL, LARAMIE, WYOM 


and unless the field is weakened or the brushes are 
shifted to check it, the motor will race very badly. 
Every change of speed and every change of load is ac- 
companied by a corresponding change in the potential 
which exists at the terminals of the machine. More- 
over, on a constant current, if the motors are used in 
series with lamps, this continual variation of potential 
is apt to cause trouble on the circuit, especially if the 





ING, OPERATED BY SPRAGUE MOTORS. 


eurrent through the armature. Nearly all will have 
been shunted through the field magnets, and the 
potential at the terminals of the machine will be at the 
maximum. Such a machine, as a)! others, will do the 
same total work at two different speeds and effici- 
encies. 

Ifa machine be wound with a double set of coils, it 
will behave very much the same as a shunt machine 
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does, its field magnet being strengthened in a more or| 
less rapid ratio, or being kept constant, depending up- 
on whether the series coil is cumulative or differential, 
and at what efficiency it is operated. 

On a constant potential circuit the series motor pre- 
sents some peculiarities, 

Where there is sufficient iron in the field, the motor 
has a torque proportional to the square of the current 
flowing through it. It is capable of exerting a great 
rotary effort and doing a large amount of work ata 
slow speed. The range of speed for different loads is, 
however, great, and the motor is unfitted for ordinary 
work where steadiness of speed is an object; as the 
load is diminished, the speed increases, and, if thrown 
off entirely, the motor will run faster and faster, the 
field continually growing weaker, and the armature all 
the time accelerating its speed ina vain attempt to 
generate an electromotive force equal to the initial. 
For some classes of work, this kind of a machine, with 
some essential modifications, is exceedingly useful, 

It hasa large field in railway work because of the great 
starting torque when properly governed. The most 
effective method of control for this duty is the commu- 
tation of two or more sets of field coils into various 
parallel and series arrangements. 

With any particular commutation the motor will 
leave the ordinary characteristics of series machine, 
and on the other hand the field may be made the same 
for slow and high speeds, small and large currents, 

The other type of machine, the shunt motor, will run 
well on a constant potential cireuit. The field, bei 
excited independently of the armature, is constant, an 
since the load varies with the motor electromotive force 
and the field is constant, it follows that the speed must 
vary with e. The torque is proportional to the current 
in the armature, and the speed will be slowest with the 
greatest load and fastest with the lightest, that is, when 
é approaches BE. The lower the resistance of the arma- 
ture, the less the variation of speed. With the more 
recent improvements in motors, the magnetie field is so 
intense and the armature resistance so low that for all 
ordinary work the machine runs at practically a con- 
stant speed with variable loads. This will be seen at 
once from au inspection of the characteristics of say a 
20 horse power motor; such a machine running on a 
220 volt circuit has an armature resistance of only 0°028 








ohm, the resistance of the field being 150 ohms. The ELEVATOR AT THE UNION STOVE WORKS, 70 BEEKMAN STREET, NEW 
ratio of the electromotive force to the initial under full YORK CITY, OPERATED BY ELECTRIC MOTOR. ; 
‘load is about 98 per cent., indicating a change of speed ‘ 


of about 2 per cent. If a motor be wound with a series 
and shunt coil, both cumulative, it will have, of course, 





That is to say, the number of turns in the shunt coil | That is to say, the number of turns in the shunt coil 
the modified characteristics of both types of ma-| must bear the same ratio to the number in the series | must bear the same ratio to the number of turns in the 
chines. : coil as the resistance of the shunt coil bears to the sum | series coii as the sum of the resistances of the shunt 

Asa matter of interest, investigation of the action of | of the resistances of the series coil and the armature. field and the armature bears to the resistance of the 


differential coil motor on the constant potential circuit 
isuseful. It should be noted that with a given poten- 
tial at the armature terminals the speed may be main 
tained constant by varying the strength of the fleld, no 
matter how the load varies from the maximum, provided 
the field strength is decreased as the load is increased, 
and vice versa, so long as working above 50 per cent. 
efficiency, which in modern practice is of course the 
ordinary condition. Perhaps to make this more clear 
it may be well to follow the action of a shunt motor on 
a constant potential circuit under varying load and 
with means for varying its field strength. Suppose the 
machine be running ona certain load, it is taking a 
eurrent which is determined by the difference between 
the motor and initial electromotive force and the arma- 
ture resistance. 

Suppose the load is increased, that is, the work per 
turn which the machine has got to do. Its first im- 
»ulse is to slow down. The moment it does so, the 
eld being still unchanged, an increased current 
flows through the armature, increasing the torsional 
effort. If nowthe strength of the field magnet be re- 
duced, the motor electromotive force is still further re- 
duced and there is another increase of the armature 
current because of the decrease in the m. e. m. f., the 
ratio of this inereage being very much greater, perhaps 
twenty or thirty times, than the ratio of change in the 
strength of the field. The torsional effort being thus 
greatly ineseased, the machine will tend to run faster 
becAuse of its increased torque, and it will correct itself 
by raising the motor electromotive foree, reducing the . We 
current, and thus restoring the torsional effort to what , 
> sao tea of Held has been Of proper! FREIGHT TRAMWAY CAR OPERATED BY SPRAGUE ELECTRIC MOTOR, AT THE EAST 
degree, C « ch, = saad ennai ait - , 
the motor will ran faster with the load than without. BOSTON SUGAR REFINING COMPANY’S YARD. 

On the other hand, if the load is ligutened, precisely the 
opposite effeet oceurs, the machine first starting torun; For the short shunt machine the law is expressed by | armature. It will be noted that that is independent of 











faster and then being brought back to the normal. It is| the equation : the resistance of the series coil. 

evident that this may be done by any automatic means m f+R Not only will these machines regulate on constant 
for varying the field strength, such as the variatien of -_- = —— potential circuits, but also on a varying potential cireuit, 
resistance in the field cireuit by a device governed by n R and even witha resistance in circuit. It is evident, 


the movement of the armature. A simpler way evidently 
is to introduceinto the armature circuit, either inside 
or outside the shunt field terminals, a demagnetizing 
coil which shall of itself produce the variation of field 
strength required for automatic regulation. There is 
a variety of connections and arrangements of coils to 
produce this effeet. There is the long shunt with the 
symmetrical and with distorted fields, and the right- 
angled winding, which varieties bave one fixed and one 
variable function in the field magnets ; the plain shunt 
machine with means for varying its field strength hav- f 
ing but one variable component in the field. There are MUU fy 
also the short shunt, and the combined long and short : I 7.— 
shunt, and the Wheatstone bridge windings, in which (i 
varieties the field has two variable components. 
Without going into the mathematical investigation 
which is necessary, I may state that for such a machine 
to work perfectly the field magnet must at no time be 
too highly saturated; that is, it mast be worked with a 
characteristic which is a straight or nearly a straight 
line, and that the ions must be such that if when 
the motor is at rest with the series coil in its normal gov- ‘ — ——) 


erning position the circuit be closed, a zero field will be | rR —— 
i} \ l 








produced, for under these circumstances the opposing 
magnetic moments of the coils are equal. IL} o 
Let f denote the resistance of the main or shunt field : ua 
coils; m, the number of turns therein; 7, the resist- ) 
ance of the differential or series field coils; n, the 
number of barns therein ; and R, the resistance of the 
armature, Then there are two laws. That for the 
long shunt machine is expressed by the equation : 














2 INCLINED HOIST USED IN MINES AT ASPEN, COLORADO, OPERATED BY 


n R+r TEN HORSE POWER SPRAGUE MOTOR. 
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however, from what I bave said, that in introducing 


such a wachine into circuit it is necessary to cut out} at the motor. 


the governing coil, or to reverse it, and to use a re- 
sistance to graduate the admission of the current into 


the armature. 


As beautifal as this method of regulation is, if used' force. 
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Diagram of an application of the Sprague Electric Motor System in the transmission of Power in 


Co., California. 
furnish power there for pumping, hoisting and haulage in the 


ocation of the water powerand generator station. Number 5, 


\ The Electric Circuit is eighteen miles long, supplying current at fourteen points along the river bed 
b for the operation of Sprague Motors, which 
\ mining operations. 
\ Number 4 on the diagram gives the | 


\ position of Sprague Motors in the circuit. 


carelessly on poorly operated circuits, it is at times a 
source of trouble, for no matter how the potential 
and load vary, the machines wakea gallant attempt 
to maintain a perfectly constant speed, and if the po- 
tential falls too low or the load increases too mmuch, 
they will take current to their own destruction, unless 
some ineans such as a magnetie break ora safety catch 
which will open the armature circuit in case of an ab- 
normal load are used. For work like elevator work, it 
is advisable to reverse the differential coil, making it 
cumulative, and to increase its capacity. 

On the varying potential and current circuits any ot 
the above machines can be used, but for single trans- 
missions a particularly interesting application of the 
peculiarities of series machipves for automatic regula- 
tion can be used, of which I will speak more at length 
when touching upon the subject of receiving. 

Having then briefly noted the peculiarities of the 
various classes of motors, let us consider the practical 
question of local distribution. By this I mean trans- 
mission from a central station conveniently located 
near the center of a manufacturing district over an 
area up to one hundred square miles, in units varying 
from the smallest fraction up to one hundred or more 
horse power. 

There are now several such stations in operation in 
the United States, generally under the Edison cow- 
panies, but their area is somewhat limited, the largest 
not exceeding three or four square miles. These stations 
all operate constant potential circuits, and are generally 
operated on the three-wire plan, that is with two sets of 
dynamos in series with each other and a balance wire 
between them. 

The maximum electromotive force is about 240 volts. 
Most of the motors used in these districts are of the 
automatic differential type, because the work which is 
required often demands very constant speed, although 
there are many cumulative and a few shunt motors ; as 
200 or more machines are operated from a single sta- 
tion of this character, and this number, determined of 
course by the commercial demand, will rapidly inerease. 
The sizes vary from 4% to 25 or 30 horse power. It is 
important to kaow how far this central station work 
can be carried, and since the transmission of power is by 
a fluid whose energy may be expressed by the product 
of the quantity and pressure, that is, the electromo- 
tive force and current, we can determine the economic 
distanee by an inspection of the laws of such trans- 
mission. The formula which may be reduced for or- 
dinary transmission is : 

om CmEva -_ 
156667 “ere 
1 is the distance between the generating and receiv- 
ing stations in feet, plus the sag. 
n, number of effective horse power to be delivered 
_on the motor shaft. 
E, clestuemnetive force at the terminals of the 
inotor. 
b. number of volts fall of potential on the line. 
4+ 0, or E’, being, of course, the electromotive 
foree at the beginning of the ‘ine or the terminals 
of the generator. 
&, efficieney of the motor. 
Cm, cirenlar mils of conductor. 


Fk rom this formula the following facts are evident : 

With any given amount of energy transmitted, the 
electromotive force and the current will vary in- 
i 

With any given work done, loss on the line, electro- 
pee force at the terminals of the motor and dis- 
'ribution. the weight of the copper will vary as the 
“quare of the distanee, its cross section of course vary- 
ing direetly as the distance. 
With the same conditions, the weight will vary in- 


If the weight of the copper is fixed, with any given 
amount of power transmitted and given loss in distri- 
bution, the distance over which the power can be trans- 
mitted will vary directly as the electromotive force. 

For example, if we can transmit a given amount of 
power with a given efficiency a certain distance over a 


versely as the square of the electromotive force used 


With the same cross section of conductor, the dis- 
tance over which a given amount of power can be trans- 
mitted will vary as the square of the electromotive 





a reasonable investment power. toadistance of say five 
miles from a station, that is, over about 78 sq, miles 
area, although a pressure of 2,000 volts would be better. 
This would make it possible to put stations ten miles 
apart, connecting the comductors together. For;the 
best work, the 1,000 volts limit should be with stations 
about five miles apart; and to reduce the working 
potential to the very safe limit of 600 volts, the stations 
should only be three miles apart. 

For a rough rule we can say, generally, that the dis- 
tance apart of central stations in a manufacturing dis- 
trict, with a given reasonable investment in per 
alone, will vary directly with the electromotive force 
used, and will be a mile for each 200 volts. This is not 
exact, but it is good enough for ready reference. The 
first question which may arise is, what will be the ad- 
vantage of first converting steam power into electrical 
euergy, then distributing it on wires, and finally recon- 
verting it into mechanical energy ? Would not these 
various losses wore than compensate for any possible 
advantage? My answer is, No. The engines which 
are used in various inanufacturing establishments, de- 
pending, of course, upon their size, make, and the 
steam pressure, use anywhere from 8 to 8 pounds of 
coal per horse power, and many of them occupy valuable 
space, to say nothing of that which is required for the 
boiler, coal and ashes ; many of them require licensed 
engineers, and are invariably associated with risk to 
property and lives, 

These engines being independent, little benefit 
occurs to the system, or rather to the aggregate of en- 
gines, from the law of general average working. Ina 
central station properly constructed, with triple ex- 
pansion engines, power can be developed at probably 
not exceeding 14¢ 1b. of coal per horse power per hour. 

In a properly distributed district, there can be re- 
covered at any moment froin 65 to 70 per cent. of the 
initial power, let us say two-thirds. It is seldom that 
any engine or motor is worked up to its full capacity. 
Take, for instance, a printing establishment with a 
dozen presses ; sometimes all of these may be running, 
sometimes not over one or two, or all may be sto 
An elevator rarely carries its full load from cellar to 
loft; it is descending half of the time of motion, at 
which time it can be delivering current to the line, the 
motor acting as a brake, and a good portion of the 
time it is not moving at all. So on forall the various 
classes of industry. 

The best experience seems to indicate that if 1,000 
horse power represents the aggregate capacity of a 
large number of motors, well distributed, there is not 
actually developed an average of over about 400 to 440 
horse power, which is about two-thirds of the engine 
capacity ; that is, with 1,000 horse power of motors 
distributed in a large number of units there is only re- 
quired for the ordinary averuge of work about 600°to 
660 horse power at the central station, although, to be 
on a perfectly safe side, there should be in any central 
station on which a large system depends not less than 
50 per cent. reserve capacity, 





wire with an electromotive force with 220 volts electro- 


times that distance with the same weight of wire, and 
with the wire of one-fourth of cross section, by quad- 
rupling the electromotive force. It is quite possible to 





transmit under a pressure of less than 1,000 volts, with 





VIEW OF ELECTRIC MOTOR OPERATING 
INSTALLATION, FEATHER RIVER, BUTTE COUNTY, CAL. 


PUMP AT BIG BEND MINING 


A striking instance of this general averaging of work 


motive force at the motor, we can transmit it four| is illustrated by the fact that there have been on the 
electric street railway line in Richmond forty cars with 
an aggregate normal motor capacity of 600 horse power, 
whereas at the central station the regular 
engines is only 375 horse power. 


capacity of 
Motors having al- 
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ready been applied to not less than 135 different kinds 
of industries, the advantages of this method of working 
have become apparent, and its future is now a matter 
of commercial development. 

It is hardly necessary for me, it seems, to make any ex- 
tended comments on the commercial application of mo- 
tors to constant current circuits ; for small powers only 
on long lines it has a limited application, but cannot for | 
a moment compete with a general distribution under | 
constant potential, where perfect independence and 
large size of motors is secured, with safety and 
economy. 

As a special class of distribution, no more extended 
or promising field can be found for the profitable and 
econowical transmission of power by electricity, nor in 
none is there a greater necessity, than that represented 
by the various mining industries. Water power, fuel, 
transportation facilities, and rich mining locations do 
not ordinarily fall together. Oftentimes water is not 
available at all, the use of steam power is unprofitable, 
and the cost of transportation is prohibitory. Even 
when water power is in close proximity to mining loca- 
tions, intervening mountains or other obstacles are of- 
ten in the way, and expensive canals, tunneling, or in- 
surmountable grades prevent its transmission. The 
lack of a practical and economical method for a long 
distance transmission of power, insuring efficiency and 
reliability, that is, commercial success, has led to the 
abandonment of many mines of great promise and the 
temporary suspension of work on properties of great 
intrinsic value. It may be safely said that mining 
properties to the value of over $100,000,000 now lie idle 
chiefiv from these causes, a large proportion of which | 

i 





could be profitably worked by power electrically trans- 
mitted from steam or water sources, 

There are five prowinent systems of long distance 
transwission, some of them not very long; they are 
the hydraulic, pneumatic, steam, wire rope, and elec- | 
trie systems, and when the distance runs over a mile, 
the general advantages of the electric system are most | 
marked. 

The electric method is the only one which gives prac- 
tically an air line communication from one point to 
another ; it can climb hills, span chasws, swim rivers, 
or burrow in snow banks, and is placidly indifferent 
to the conditions of the thermometer. The costliness | 
of a compressed air wethod is most strikingly illustrat- 
ed by one of the mnost extensive plants of this character 
in this country, in which the efficiency of the sys- 
tem is only about 30 to 35 per cent. and the actual cost 
for a horse power delivered is not less than about $800 
per horse power per year. In view of this cost, it is 
hardly necessary to touch upon the liability of accident 
to large air compressors and from fires which may be 
necessary to keep such a system in operation. The 
secondary loss in the detailed application by compres- 
sion at the mine itself is likewise a serious matter. 
When we turn to an electric system, we can operate 
hoists, crushing machines, tramways, ventilators, 
pumps, and we hope before long all kinds of drills, 
both rotary and reciprocating directly. The capacity 
to easily change or locate the position of a system of 
electric conductors or motors is of prime importance, 
and vertical shafting can be entirely dispensed with. 

The efficiency of an electric system varies from 45 to 
70 per cent. depending upon the distance and conditions 
of transmission, Oneof the most striking illustrations 
of What is possible in one class of work was recently il- | 
lustrated at the Big Bend tunnel in California, where 
power was transmitted from a water power source over 
varions distances and circuits amounting to 18 miles in 
the roughest kind of a country. These motors, used 
for pumping and derrick work, were in the hands of in- 
experienced men, a Chinaman having one of the most 
important machines, and were called upon to do twice 
the work for which they were designed. This plan has 
since been abandoned, because of the great disappoint- 
ment in the yield of the river bed, a fact that has 
nothing at all to do with the electric system, which in 
fact enabled the owners to work as long as there was 
any chance of profit. 

(To be continued.) 








THE LUMINOUS FOUNTAINS OF THE 
FRENCH EXPOSITION. 


THERE are a large number of elements of success in 
the Universal Exposition. The 300 meter tower and 
the machinery palace are the two principal ones. 
Everything, or nearly everything, that can be has been | 
said about these. We now desire to speak of an instal- 
lation from which much has been anticipated, and 
which has not for an instant disappointed the hopes 
of its organizers ; we mean the luminous fountains, 
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Now, up to the present, our exhibitions have opened | which the water and light are to issue. In the upper 


their doors to the public only during the day, say for 
a period of six wonths, a total of 1,620 hours, or an 
average of nine hoursaday. As may be seen, much 
money has been sacrificed for very little time. Electric 
lighting, which is slowly beginning to implant itself 
among us, was evidently to give birth to the idea of 
opening the exposition at night. The idea was sug- 
gested, discussed, commented upon, and finally adopt- 
ed. This very happy decision therefore increases the 
length of the exposition by about 900 hours, 

As the exposition was to open at night, it became 
necessary to find, aside from the enchanting illumina- 
tion that it was proposed to have there, an attractive 
novelty worthy of figuring among so grand swrround- 
ings during the evenings of the exhibition, It was 
then that the luminous fountains were thought of that 








Fie. 2.—ENGLISH SYSTEM OF ILLUMINATING 
WATER JETS. 


had so great a success at London, Manchester, and 
Glasgow. 

But there was an entirely new study to be made, for 
we must say at once that in the first project, in which 
there was no question of this kind of fountain, the 
central park was to be simply ornamented with pieces 
of water, four in number, the largest of which was to| 
be so arranged as to compensate for the difference of 
level of the ground in the center of the park. But, as 
soon as, under the inspiration of Mr. Georges Berger, | 
the international syndicate of electricians was invited | 
to furnish a project for the lighting of the exposition, 
Mr. dyhend did not hesitate to-utilize this powerful 
factor and turn it to account for lighting the foun- 
tains. | 

In the first place, it was a question of but one lumi- 
nous fountain—the one that operated at the English 
exhibitions of 1886, 1887, and 1888, in the cities men- 
tioned above. To this effect Arehitect Formigi and 
Mr. Bechmann, engineer in chief of the water service, 
were sent to Glasgow in 1888, in order to make a study 
and come to an understanding with the house of Gal- 
loway, which has special apparatus and a corps of men | 
skilled in this kind of illumination. They returned 
imbued with the idea that the Galloway fountain, | 
although of respectable dimensions, would be too! 





'stnall for the project as outlined. 


The plans were then so changed as to combine a} 
whole in which the Galloway fountain should be in- 
eluded ; in a word, three of the basins of which it was 
a question in principle were suppressed, and replaced 
by a single piece of water composed of three distinct | 
parts. 

At the upper part is the monumental fountain repre- 
senting the ship of the citv of Paris, ornamented with | 
horns of plenty and with dolphins, from which issves 


| water that, falling into a vast basin, afterward falls in 
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Fie. 1—SECTION AND PLAN OF THE LUMINOUS FOUNTAIN 
OF THE PARIS EXPOSITION. 


Before entering upov an explanation of this opera- 
tion, it will perhaps be well to initiate our readers 
into the genesis of the idea that led to the uniting of 
fire and water. 

It is easy to imagine what an immense capital is en- 
gaged, by the administration as well as by the exhibit- 
ors, in an exhibition enterprise, and especially in one of 
the importance that is now exciting the entire world. 





in, the water escapes through four horns of plenty, 
four dolphins, and six urns, forming together fourteen 
parabolic or horizontal jets; then two vertical jets 
each placed on the side of the vessel. On the edge of 
the rectangular basin there are fourteen wheat-sheaf 
jets, two of which are placed in the lower basin. Each 
of these consists of seventeen jets of small size so ar- 
ranged as to cause the water to fall back in a spray 
around the vertical jet that escapes from the central 
part. Finally, the octagonal basin consists of two 
rows of concentric vertical jets—the first comprising 
six and the second ten jets. In the center is placed 
an immense double wheat-sheaf jet. 
Asanay be seen, the whole consists, then, of thirty- 
three vertical and fourteen parabolic jets, forming 
nearly three hundred tubes, from whence the watet 





Fig. 3.—FRENCH SYSTEM OF ILLUMINATING 
WATER JETS. 


escapes at the rate of 88 gallons per second. In his 
fountains, Mr. Galloway usually compresses the water 
that he needs, and which is always the same, by means 
of pumps and accumulators ; but in order to avoid the 
great expense of a machine of this kind, Mr. Alphand 
decided that the entire arrangement should be supplied 
by Seine water derived from the Villejuif reservoir, 
situated at an altitude of about 290 feet. 

As for the lighting, that is effected by 17 regulators 
or are lamps (of 60 amperes intensity) in the English 
part of the octagonal basin and by 30 regulators (of 
40 ainperes intensity) in the rest of the fountain, in- 
eluding the French portion. Let us note, in passing, 
that the luminous intensity employed for the lighting 
of the water of the fountain is considerable. Some 
idea of it may be obtained by remembering that one 


|60 ampere voltaic are lamp has an illuminating power 


equal to 1,000 carcels, and one of 40 amperes has a 
power of nearly 600 carcels, thus giving a total lumin- 
ous intensity of 33,000 carcels, or 254,000 candles. The 
motive power absorbed by this lighting is of 250 horses. 
Now that our readers know the history of and external 
arrangement of the luminous fountains, we shall take 


|them into the side scenes and show them the means 


ewployed for producing the wonderful effects that call 
forth the admiration of the evening visitors. The 
‘* side scenes” in question are nothing more than sub- 
terranean galleries whose ramifications extend under 
the entire piece of water, and form a true crypt in 
which are placed the electric lamps and the whole 
arrangement for producing the variation in colors. 
The two principal points that are the most import- 
ant to know about are the lighting and the variation 





Fie. 4—IT.LUMINATION OF PARABOLIC 
JETS OF WATER. 


a cascade, 130 feet in width, into a lower basin in com-|in colors. Let us first examine the lighting. The 


munication with a rectangular basin 130 feet in length, 


forming the second piece of water. Finally, the water | 


reaches an octagonal basin ornamented with 17 wheat- 


sheaf jets (Pig. 1). We shall not speak of the details | 


means employed are of two kinds—the lighting of the 
vertical jets and that of the parabolic or horizontal 
ones. It is easy to make the arrangement adopted for 
lighting the vertical jets understood. The conduit that 


of construction and of the obstacles that had to be/| leads the water forms two elbows, asshown in Fig. 2, so 


overcome in the progress of the work, but shall pro- | 


ceed to describe the structure of the jets through 


that the nozzle whence the water escapes is placed over 
a horizontal glass plate arranged a little above the 
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normal level of the water of the basin. This plate, 
which is twenty-four inches square, closes an aperture 
of the same section in the upper part of the subter- 
ranean gallery and in the axis of the jet. 

if in the subterranean chamber we place an are lamp, 
provided with a reflector, under the glass plate, we shall 





arranged in such a way as to retrieve such loss, which 
is very slight. In fact, the carbons are placed one over 
the other—the positive beneath, so that in hollowing 
out it fills the office of a reflector and sends the light 
upward. 

This, moreover, is the arrangement generally used in 
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Fie. 5.—SUBTERRANEAN CHAMBER OF THE 


obtain a vertical luminous pencil formed of sensibly 
divergent rays, which envelop the liquid mass of the 
jet as wellas the water that falls back in drops. 

“ The arrangement employed under the octagonal 
basin is of the Galloway & Sons system. It is repre- 
sented in Fig. 2. 

The luminous source is a regulator with horizontal 
carbons regulated by hand. 

The reflector is of tin, and parabolic in form, with an 
aperture at the apex to allow of the escape of carbon | 
ashes, which, without this precaution, would accumu- 
late at the bottom of the reflector. The jets of the 
French parts are lighted by means of an arrangewent 
differing from the former, devised by Messrs. Sautter 
& Lemonnier, and offering certain advantages as re- 
gards regulation, 

The regulator, whose carbons are vertical, is regu- 
lated automatically ; then, for the tin reflector, silvered 
glass mirrors are substituted, one of which, spherical 
in form, receives the rays of the are lamp and concen- 
trates them horizontally upon another and plane mir- 
ror inclined at an angle of 45°, which, in turn, sends 
them vertically into the jet. A glance at Fig. 3 will 
allow the operation of this arrangement te be under- 
stood and give an idea of its superiority as regards 
surveillance and the regularity of the maneuvering, 








the entire system being fixed upon one frame provided 
with leveling serews. 

Here let us form a parenthesis dictated by imparti- 
ality. Thestatement has been made that the arrange- 
ment adopted for the lighting of the French part of | 
the fountain is much superior to that of the Galloway | 
system. Having in charge the electric installation. 
we are able to state that, aside from the arrangement 
upon the frame, and the automatic regulators, the 
English arrangement is at least equal to ours from the 
standpoint of the reflection of light. 

The tin reflectors that we have studied give excellent 
results and have the advantage over mirrors that they 





do not break through the fall of drops of water when 


they have reached a certain temperature communi-|ing it isdue to Mr. Bechmann and his assistant, Mr. 


cated by the lamps. As forthe accusation that the 
aperture in the reflectors causes a great loss of light, 
that isan exaggeration, seeing that the carbons are 








Fie. 6.—BIRD’S-EYE VIEW OF THE LUMINOUS 
FOUNTAIN. 


experiment of Colladon, based upon the total reflec- 
tion of light—an experiment which succeeds perfectly 











LUMINOUS FOUNTAIN. 


vertical earbon regulators. If there is a loss of light, 
it must be sensibly equal to that caused by the double 
reflection of the mirrors. We might even add that, if 
economy had to be taken into account in an enterprise 
of this importance, the inconvenience of regulating 
the Galloway regulators by hand would be compen- 
sated for by the cost, which is four times less than that 


in the limited conditions of a course in physies, but 
which, with the proportions so great as those that pre- 
sented themselves, was beset with difficulties that had to 
be suppressed or, at least, smoothed over. In Colladon’s 
experiment the liquid jet is entire and of small size, 
while for the exposition fountain it was a question of 
obtaining a jet of a certain extent and of large dimen- 
sions. ow, the phenomenon that in physics is called 
the total reflection of light is, as well known, produced 
only under certain perfectly defined conditions. It was 
therefore necessary to keep within such conditions 
—— in producing the phenomenon on a large 
scale, 

After laborious researches, Mr. Bechmann, assisted by 
Mr. Richard, found the solution by converting the 
solid jet intoan annular one, into the center of which 
a luminous faseicle was projected. This was done as 
follows: Let us suppose as a nozzle two trancated 
cones terminating at their extremity in a cylinder, and 
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Fie. 7.—NOZZLE FOR PARABOLIC 
WATER JETS. 


their section being elliptical. Let us suppose, too, that 
one of the cones is smaller than the other and capable 
of entering it, so as to leave au annular space of about 
two-tenths of an inch. and we shall nave the arrange- 
ment adopted by Mr. Bechmann, and illustrated in Fig. 
4. The water escapes through the annular space and 
forms a hollow jet, through which the luminous fascicle 
is sent by a mirror inclined at an angle of 45°, placed in 
front of the cone and receiving vertically the light 
emitted by a regulator placed io the subterranean gal- 
ley, as shown in Figs. 4 and 7. This arrangement per- 
mits of illuminating a jet of water eight inches in dia- 
meter and of a height of fall of 14% feet. What is par- 
| ticularly remarkable is that nota ray escapes from the 
| liquid, and that the fascicle of light is totally reflected 
over the entire curve of the jet, on condition, how- 
ever, that the latter be not broken by anything, such 
as a blast of wind ora foreign body placed in the an- 
nular space. 
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Fie. 8.—-ARRANGEMENT OF ELECTRIC WIRES AND 
ARC LAMPS. 


of ours. This, of course, is said in the interest of truth 
and not through a sentiment of what might be quali- 
fied as Anglomania. 

We now come tothe lighting of the parabolic jets 
that escape from the dolphins, ete. This was a prob- 











lem quite difficult of solution, and the honor of solv- 


Richard. Mr. Bechmunn bethought himself of the 


What precedes gives a sufficient idea of the lighting. 
We shall now have a few words to say about the vari- 
ations in color and the maneuvers they necessitate. 
The various tints given to the jets are obtained by sim- 
ply interposing colored glass between the luminous 
source of the jet of water, in a word, the rays are pass- 
ed through differently colored plates of glass forming a 
gamut of five tones. These plates are superposed in a 
frame fixed to the vault of the gallery, as may be seen 
in Fig. 4. 

We shall now briefly describe the principle of the 
maneuver. All the glasses of the same color are con- 
nected with each other in series of five by means of a 
eable of small section passing, at the angles formed by 
each change of direction, over movable pulleys, ani 
ending at a lever to which it suffices togivea backward 
and forward motion of from 20 to 30 inches, in order to 
bring the glasses in front of the luminous sources or 
to replace them in the frame. Each frame that carries 
the glasses is placed upon wheels that run upon rails, 
and is provided besides with a lattice work of very fine 
wire and with large meshes, in order to prevent the 

ieces from falling upon the mirrors in case a glass 
oreaks. 

As regards the maneuvering of the whole, that is di- 
rected by a foreman in a kiosk situated at 95 feet from 
the fountain and corresponding through a gallery with 
the octagonal basin. Frow this kiosk, whence he judges 
of the effect, the foreman controls the plays of water 
and light ; the first through levers that he himself 
maneuvers, and the second throngh a series of elec- 
tric buttons that communicate with the subterranean 
chambers and indicate to the men the colors that are 
to concur in the general effect. 

Fig. 5 represents the interior of one of these chambers, 
situated under the principal group. In the center are 
placed the maneuvering levers, and above them is seen 
the annunciator on which the orders for the colors to 
be shown are given electrically. 

To the left is perceived a part of the frame that sup- 
ports the four regulators which light the horns of 
plenty on each side of the vessel. To the right, be- 
tween the doors of the lateral galleries, in which are 

laced the reguiators and mirrors that light the jets 

rdering the rectangular basin, figure the electric 
mneasuring apparatus. 

When we shall have said that the entire mechanism 





that we have just described is operating with perfect 
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regularity, producing surprising and admirable effects, 
with which are joined the fires at the summit of the | 
Hiffel tower lighting the group of the Genius of France | 
borne on the vessel of the city of Paris and overthrow- 
ing Routine and Ignorance on each side, while at| 
the prow of the ship the Gaulish coek sings the sue- 
cess of the exposition, and while at the poop the Re- | 
public directs the rudder, we shall have said every- 
thing about the fountains, which are as marvelous as 
they are luminous, and which are shown as a whole in 


Fig. 6. 

We cannot finish without citing the names of those 
who, in the different parts of this work, have shown a 
remarkable activity, an extensive knowledge, and a 
talent beyond comparison, and to whom we are happy 
to render homage by addressing our thanks to them 
for the courtesy that we always met with during the 
electric installation that we had charge of: they are 
Messrs. Alphand and Berger, the organizers ; Mr. Hip 
polyte Fontaine, the promoter of electric lighting par 
excellence ; Mr. Formigi, the architect; Messrs. Bech 
mann and Richard, whom we have already mentioned, 
and who directed the arrangement of the fountains ; 
Mr. Meker, the inspector who superintended the cet. 
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seiswograph employed during Professor Ewing's ex- 
periments. 

The duplex pendulum seismograph was designed for 
and applied to the measurement of earthquakes in Ja- 
pan in 1882. It consists essentially of a pair of masses 
which are supported and connected in such a man- 
ner that they form an astatic combination with freedom 
to move in any horizontal direction. One of the two 
is hung from above and is stable ; the other is support- 
ed from below and is unstable; and the two are con- 
strained to move together by a ball and tube coupling. 
Their equilibrium is adjusted to be very nearly neutral, 
and this fits them to furnish a steady point with 
respect to which motion of the ground in any azimath 
may be recorded and measured. The motion is record- 
ed by a lever, the marking point of which drawsa wag 
nified copy of the horizontal motion of the ground upon 
a smoked glass plate. Fig. 1 shows the construction of 


the duplex pendulum seismograph as used in these expe- 
riments, and as vow made hy the Cambridge Scientific 
Instrument Company for earthquake observatories. The 
stable mass is a disk of lead, a, cased in brass (shown in 
section in Fig. 1), hung by three parallel wires from 
| the top of the containing box. 


This trifilar suspension 





a ener ees 

















NS 















































i] 
=n 

IT = — 
AYN 
f an, 

ji | 

AY) U 

TS et 

















2/604 











Jury 20, 1889. 








In all seismometric work, whether it be the measure- 
ment of earthquakes proper or of such shakings as 
these, the trustworthiness of the record depends on 
the degree to which the presumed “‘ steady point” of 
the instrument remains at rest during a protracted 
disturbance of the base. The accuracy of a seismo- 
graph admits of easy experimental test in the manner 
which Professor Ewing described and illustrated when 
communicating to the Royal Society an account of his 
horizontal pendulum seismograph for recording sepa- 
rate components of motion upon a moving plate. The 
test consists in placing the instrament upon a stand 
which may be shaken by hand, and causing a true 
autograph of the motion of the stand to be drawn by 
an independently supported index, side by side with 
the record that is drawn by the seismograph itself. 
Fig. 2 shows how this test was applied to the instru- 
ment with which the Tay Bridge observations were 
made. The seismograph was mounted ona stand 
which was constructed to give it freedom of horizontal! 
translation in two directions without freedom to ro- 
tate. This was done by laying a pair of turned steel 
rollers parallel to each other on the top of asteady 
level table ; a small drawing board rested on them; on 


DUPLEX PENDULUM SEISMOGRAPH. 


tral shops of the lifting machines of the city of Paris, | has several advantages over the usual suspension of a|the top of itasecond pair of steel rollers was laid at 


assisted by Mr. Dallard, foreman in the construction of | 
the apparatus ; and finally, the seulptor Coutan, who} 
crowned the work by a composition whence emanate 
all the grace, flexibility, elegance, and vigor of French 
art, from which he has borrowed with his whole souk 
contrary to the practice of some artists of too often | 
imitating Greek art as soon as it becomes a question 
of allegories. 

Finally, all have given proof of an indefatigable 
ardor, all feeling the importance of the work that they 
were doing ; all, the workmen included, have had but 
one end in view—the success of the exposition, for such 
success is the triumph of the genius of France.—D. 
Napoli, in La Nature. 


DUPLEX PENDULUM SEISMOGRAPH. 


A NOTE on the seismometric measurements of the vi- 
brations of the new Tay Bridge during the passing of 
railway trains, communicated to a Dundee society by 
Professor J. A. Ewing, B.Se., F.R.S., Professor of 
Engineering in the Dundee University College, has 
renewed interest in the practicability of thus measur- 
ing the rigidity of engineering structures. We now 





annex engravings from Hngineering, illustrating the 


pendulum from a single point; in particular it prevents 
twisting about a vertical axis. 
pendulum,)d, is also a disk of lead below the other, and is 
held up by a tubular strut which ends in a hard steel 
point resting in an agate socket in the base of the box. 
A small brass ball attached to the lower mass, 0, fits 
easily but without shake in a eylindrical hole in a, so 
that the two must swing together. The massesofa and 
b are proportioned, with respect to their distances from 
their respective supports, so that the equilibrium of 
the compound system is nearly neutral, and by way 
of final adjustment the upper disk, a, may be raised or 
lowered by turning the pins at the top, until the mar- 
gin of stability is as small as may be wished. The 
recording lever, c, is held by a gimbal joint in a bracket, 
d, fixed to the side of the box, and capable of adjust- 
ment vertically or horizontally. The bottom of the 
lever is a ball which gears into the hole in a, and at 
the top there is a hinged index of straw with a needle 
point to write the record. To reduce friction, part of 
the weight of the straw is borne by a spring, e. The 
smoked glass plate, f, stands on a shelf which projects 
from one of the sides of the case, which is a triangular 
box. In the particular instrament employed at the Tay 
Bridge, the ground’s motion was magnified six times. 





right angles to the pair below, a second small drawing 


The unstable or inverted | board lay on them, and the instrument stood upon it. 


The upper board was then free for translation in all 
azimuths, and.was shaken by hand so that it imitated 
the motion in an actual earthquake. A record of this 
motion was drawn by the seismograph index, and be- 
side it a second record was drawn by the lever and 
index, g (Fig. 2), which was held by a gimbal joint in a 
stiff bracket, h, secured to the upper board, and took 
its motion from a true steady point, 7, obtained by mak- 
ing the bottom end of the lever in the form of a small 
ball socketed in a cylindrical hole in the bracket, /, 
which was firmly fixed tothe (motionless) top of the ta- 
ble. When the multiplication given by this lever, g, is 
arranged to be thesame as that given by the seismo- 
graph, the two records should be identical, except for 
error caused by the “ steady point ” of the seismograph 
wandering through friction, or because of the stability 
of the suspended mass, and except for those errors 
which both the seismograph and the testing lever are 
liable to through backlash at the joints and want of 
rigidity in the lever and index arm. 

In practice the agreement between the records is 
most satisfactory. Fig. 3 gives examples of the result 
of this test as applied to the seismograph which was 
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used upon the Tay Bridge, when the shaking was made 
to imitate such movements as the ground executes in 
small and in large earthquakes. Tests of this kind 
not only demonstrate the accuracy of the seismograph, 
but are a convenient means of finding experimentally 
the ratio in which the recordipg index multiplies the 
motion of the ground. 

For an exhaustive examination of the vibration of a 
structure under “ live” loads, the mere elaborate type 
of seismograph might be used, which records linear 
components of the motion on a surface that is moved 
uniformly by clockwork. The usual form of this in- 
strument comprises two horizontal pendulums for the 
two pechental seamensnte and a third piece which is 
suspended astatically, with freedom to move up and 
down only for the vertical component. This arrange- 
ment employs a distinct mass and a distinct ** steady 
point” with respect to each component. The duplex 
pendulum may, however, be modified, or rather sup- 
plemented, so that it records two components of hori- 
zontal motion separately (on a moving surface) by 
attaching to one or other of the bobs a pair of slot 
guides at right angles to the direction of the two com- 
ponents, and pivoting in these the short ends of a pair 
of recording levers, so that each lever will be moved 
when the bob moves across the direction of the corre- 
sponding slot, but will not be moved when the bob 
moves along that direction. This makes a compact 
form of two component horizontal seismographs, with 
the advantage that by retaining the ordinary index we 
have, in addition to the components, a plan drawn of 
the whole shaking. 

For the vertical component it is convenient to have 
a distinct astatically hung mass. But, as a sort of towr 
de force in astatic suspension, one or other of the bobs 
of the duplex pendulum may be allowed to havea 
limited amount of vertical freedom, and may have its 
equilibrium made nearly neutral for vertical displace- 
ments as well as for horizontal displacements. Let the 
upper bob, for instance, be hung from a platform which 
is free to rise and fall by rotating about a horizontal axis 
and which is held up bysprings. By applying the pull 
of the springs in such a manner that the moment of the 
pull about that axis is always nearlyequal to the moment 
of the weight, we may approach vertical astaticism as 
closely as may be wished, and, provided the move- 
ments up and down are not too great to interfere with 
the proper gearing of the bobs, the mass will then 
possess universal freedom of translation, with nearly 
neutral equilibrium for all directions of displacement. 
In practical seismometry, however, it is no doubt ad- 
visable to restrict the freedom of the suspended mass 
to (at most) two degrees. 


TREATMENT OF QUICKSILVER ORE FINES 
AT ALMADEN, SPAIN.* 


For the treatment of fines rich in quicksilver at Al- 
maden, the size of which does not exceed 10 cubie cen- 
timeters, channel furnaces, hornos de canales, are em- 
ployed, which have the great advantage of being 
continuous in their operation to such an extent that 
inthe seven months which was the duration of the 
last campaign not the slightest interruption oceurred. 
Without going into the history of the modifications 
which these furnaces have passed through, modifica- 
tions easy to be understood by any one who is ac- 
quainted with the difficulties to be encountered by the 
management, we cannot do less than name the two 
distinguished engineers, Messrs. Oyarzabal and Ma- 
dariaga, whose labors for a most important improve- 
ment in the reduction of the Almaden fines would have 
been better rewarded in any other country. 

There are in the establishment two of these furnaces, 
and it will be sufficient to describe one of them, as the 
only difference between them is that No. 1 admits fines 
up to 10 cubic centimeters, while No. 2 does not take 
a larger size than 2 cubic centimeters. 

The hearth is an inclined plane constructed of fire- 
brick, 2°50 meters in width by about 8 meters in length, 
the grade of which is equal to or a little steeper than 
the natural slope of the fines. Every 40 centimeters 
this floor has a rise of 2 centimeters, as can be seen in 
the illustration. Itis divided by partitions, 30 centi- 
meters high, into 12 channels, 12 centimeters wide, in 
which the ore runs; these vertical partitions are 
formed of fire-brick, which have the form, a. 

Transversely in the channels, and supported on their 


partitions, there are placed some bricks called tacos | 


(‘‘ stoppers”) which are above the floor of the hearth 
4 centimeters, this being the thickness of ore in each 
channel. 
called petacas (‘‘ trunks”) situated immediately at the 
bottom of the rises and at the same distance from the 
hearth as the ‘‘ stoppers,” which serve to break up the 
fine ore on them so as not to present invariably the 
same surface to the action of the heat. On the lower 
part of the hearth there is another inclined plane, M, 
perpendicular to it, from which, at the point where it 
commences, it is situated as many centimeters as the 
thickness of the covering of ore; this is also divided 
into thirteen channels, but there are no ‘ stoppers” 
nor “trunks” on it. 

The ore, already calcined on the first plane, travels 
to the second, at the end of which, N, a boy is placed, 
whose duty is to make it run over the hearth, in the 
manner which we will presently describe. A little 
above the second plane, and facing the first, but sep- 
arated from it by the bridge, x, is placed the fire- 
place, the grate of which is divided into two equal 
parts by a partition which rises to the arched roof of 
the fire-place. The fire-grate is formed of two sys- 
tems of bars, p, g and 7, s, the first placed lengthwise 
and irregular in height, and the second crosswise. 

Theair for combustion passes in by the ash-pit to 
the fire-place, having traversed certain passages, e, f, g, 
where its temperature has been raised by the heat 
taken from the walls of the furnace. 

By means of the hopper, T, the channels are filled 
with ore, and when it has been sufficiently exposed to 
the heating and reducing action of the gases, the boy 
placed at M withdraws a portion of the ore placed on 
the lower edge of the second inelined plane. The 
charge descends gradually, transmitting the motion as 
far as the hopper, by which a new supply of ore enters, 
equal to that which the boy withdrew. The ore re- 
mains subjected to the action of the heat about four 
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Arranged in the same way there are others | 


|hours; for the charge being made at 2:30 P. M., it 
passes in front of the bridge at 6:40 and leaves the sec- 
ond plane at 7:43 P. M., the capacity of the channel 
admitting 434 kilos. 

The fines now calcined are ejected by a hopper to the 
passage, G, whence they are taken out in cars. They 
do not now contain more than two to four hundredths 
per cent. of quicksilver. 

The condenser is formed by two series of chambers, 
the first of which communicates with the furnace by a 
throat (bombo), in the shape of a truncated pyramid of 
iron plate protected with brick. The six chambers 
whieh constitute this first series are of brick, with 
thin walls, and are divided by partitions which have 
openings arranged for the passage of the fumes, so as 
to run in donble zigzag. 

The bottom of each division is formed of two in- 
clined planes, whose intersection has a small incline 
toward a channel common to all the chambers in which 
is collected the quicksilver condensed in them. The 
bottoms are of iron plate in the three chambers nearest 
to the furnace, and of slate in those furthest away, 
this arrangement being in consequence of the iron be- 
ing attacked by the quicksilver in the latter. 

The last part of the condenser is formed of wooden 
chambers with glass, divided into four parts by verti- 
eal partitions. These chambers, like the former, are 
arranged so that the air can circulate below and 
around the sides, and allow of observation in case of 
any filtration of quicksilver through the bottoms. 

The temperature of the fumes observed at different 
points is shown to be, after traveling 100 meters in the 
brick chambers, and those of wood and glass, the low- 
est possible in relation to the temperature of the sur- 
rounding air ; consequently the condensation is effect- 
ed under the best possible conditions, so that almost 
all the quicksilver is deposited from the fumes in the 
chambers. 

The two furnaces were running in the last season 197 
days, 1,677,067 kilos of fines being treated in No. 1 and 
1,148,982 kilos in No. 2, or at the rate of 8,518 tons in 


the first, per 24 hours, and 5,807 in the second. The 
quantity of quicksilver produced was 135,704°99 kilos 
| in furnace No. 1 and 126,362°00 kilos in No. 2. 

The fuel employed was small coal, the total 
amount being 151°274 tons, which at 30°17 francs a 
' ton cost about $936. 

Coke is now being substituted for coal, and it gives 
better results in regard to the smaller quantity of soot 
| which is produced. 

In each furnace one workman and two boys are em- 
ployed, the wages amounting to about $408 in the sea- 
}son. There are besides some chargers and cleaners who 
earn about $472. 


The expenses of calcination were as follows : 





ey iin sé dccodnnnescantaenssenae $881 
Coal,  -,eeneueeeaee eunaiekek: aie 936 
Ah: 4-os nn benacencdebdemineededeniee $1,817 


As between the two furnaces there have been pro- 
} duced 260,066°99 kilos, equal to 7,595 flasks ; the cost 
per (Spanish) flask is about 25 cents. 








CHEMICAL SUGAR. 


THE chemical sugar which has lately been synthe- 
sized bears no relation to the so-called sugar saccharin 
which created such a flutter in the commercial world a 
short time.ago. Saccharin is not a sugar : its name is 
unsuitable and misleading ; it is properly called ortho- 
sulphoamido benzoie acid anhydride—a very signifi- 
cant, if complicated, term, which shows at once its true 
place among chemical compounds. This substance is 
searcely likely to supplant cane sugar for household 
purposes, but it may very likely find plenty of scope 
in the pharmacy for masking the taste of nauseous 
drugs in medicine. In cases of diabetes, and on ac- 
count of its exceeding sweetness even in very dilute so- 
lution, it may find extended application as a cheap 
substitute for sugar in fermented drinks, especially as 
it is said by Fahlberg to be a powerful antiseptic. 

Long ago it was demonstrated by Kirchoff that 
grape sugar (C.H,,0,), which is contained in honey, 





raisins, sweet cherries, etc., could be obtained from 
starch, while Braconnot succeeded in getting it from 
linen rags. Several varieties of sugar were noticed, 
and the optical experiments of Biot and the more ex- 
tended researches of Dubrunfaut ascertained much in- 
formation, and aided in distinguishing these varieties 
from each other. When a beaw of polarized light is 

through a solution of a sugar and its direction 
thereby rotated to the left, that sugar is termed levu- 
lose, or left-handed sugar, while, if the rays are direet- 
ed to the right, the name dextrose or right-handed 
sugar is assigned to it. 

Since Kirchoff's discovery the manufacture of grape 
sugar (or glucose as it is known commercially) from 
the starchy matters of potatoes, maize, ete., has been 
carried on very extensively, as it affords a inuch cheap- 
er, though inferior, form of sugar than the produce of 
the sugar cane. 

Cane sugar (C,,H».0,;) has hitherto been prepared 
only from natural sources and not chemically. The 
chief plants from which it is obtained are the sugar 
cane (Saccharum officinarum), the Sorghum sacchara- 
tum of Asia, the beet root (Beta vulgaris), the sugar 
maple (Acer saccharinum), and certain palins (Saguerus 
sacchifera, Caryota urens, etc.). The properties of 
cane sugar are very different to those of grape sugar. 
It forms prismatic crystals, which when broken emit 
a faint bluish light. It is extremely soluble in water, 
but practically insoluble in absolute alcohol. It melts 
at about 160° C., and does not recrystallize on cooling. 
This treatment converts it into grape sugar and a sub- 
stance called levulosan, C.Hi00s. When boiled with 
acids in dilute solution, cane sugar is readily converted 
into levulose—the invert or “ left-handed ” sugar. 

The problem of producing cane sugar synthetically 
has hitherto been considered to be beyond solution; 
but in these days the word impossible must have its 
meaning very much modified, or must be expunged 
from our scientific vocabularies, or else retained as a 
mere etymological curiosity. So many “ impossibili- 
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ties” have been achieved that the prudent thinker will 
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ALMADEN. 


hesitate to run the risk of stultifying himself by a 
too rigid adherence to dogmatic assertions. 

Although the production of chemical sugar for prac- 
tical purposes has not yet been realized, yet we are 
brought a step nearer by the investigations carried 
out by Emil Fischer, assisted by Julius Tafel, in the 
laboratory of the University of Wurzburg. A full ac- 
count of their experiments is given in a paper pub- 
lished in the ‘ Berichte des deutschen chemischen 
Gesellschaft,” No. 1, page 87, 1889. 

Herr Fischer a to have succeeded in obtaining 
a true sugar, which is capable of undergoing alcoholic 
fermentation by means of yeast, just like ordinary 
natural sugar. There is only one thing wanting in 
this new chemical sugar, which causes it to differ from 
natural sugar, and that is it is optically inactive—it is 
incapable of rotating a beam of polarized light either 
to the right or to the left. The new sugar has been 
provisionally named acrose. 

Glycerin, C:H(OH)s, that sheet anchor of many a re- 
cent investigator, was used as the starting point in the 
preparation of acrose, and from this substance, by way 
of its decomposition product, acrolein (C,;H,.O), twe 
new kinds of sugar were obtained. 

It seems an odd thing to get such a pleasant 
substance as sugar through acrolein, which is a foul 
liquid, with an intensely pungent and irritating odor. 

ne of these new sugars has been calied alpha-acrosa- 
zon. When this is treated with hydrochloric acid, 
it ~vields another substance resembling glucosan 
(C.HisOs or Ci2H2.O..) in some of its properties, and 
this has been designated alpha-acroson. 

Acrose is obtained by the following reactions. After 
getting alpha-acrosazon from glycerin and then con- 
verting it into alpha-acroson, the latter is dissolved in 
water and heated in dilute solution with powdered 
zine and acetic acid ; the combined action of these re- 
agents rapidly reduces the solution of alpha-acroson. 
The mixture is then heated with ———— hydro- 
gen and filtered. The clear filtrate is evaporated in 


vacuo and the residue dissolved up in absolute alcohol. 
The alcoholic solution is then filtered, and the filtrate, 
after being highly concentrated by evaporation, is 
mixed with excess of ether. The ether precipitates 
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the sugar acrose in the form of colorless flakes, which 
coalescing soon change into a colorless sirup. This 
sirup exhibits the characteristic properties of ordivary 
sugar; it has a sweet taste, reduces Fehling’s solution 
(potash and copper sulphate), and quell responds 
to the usual tests for sugar, with one exeeption—viz., 
that of its inactivity toward polarized light. 

The discoverers are sanguine that they will be able 
to overcome this difficulty, and to obtain the optically 
active variety of sugar by means of the action of cer- 
tain ferments. 

At present, like most new work, this is chiefly inter 
esting from the purely scientific point of view ; it is, 
however, none the less deserving of attention from the 
industrial and commercial world. The production of 
artificial indigo, nitro-glycerine, the electric light, ete., 
was once only seientifically important, aud there is no 
reason why, carteris paribus, there may not be a great 
fature in store for acrose, the new chemical sugar. 
Eng. Mechanic 


ARTIFICIAL SILK. 


ONE more triumph has recently been added to those 
won in the domain of the science of chemistry, and the 
problem of imitating the product of the silkworm has 
been solved. 

The serious epidemies which have from time to time 
threatened the existence of the silk industry of France 
and other countries have engaged the attention of 
many scientists. The biologists have chiefly endeavor- 
ed to discover the cause of the so-called silk worm disease 
and the means whereby it may be prevented ; lritherto 
their efforts have met with indifferent success. Like 
the phylloxera, or grapevine disease, the silkworm 
epidemic appears to be due to certain climatal condi- 
tions, which are exceedingly difficult or impossible to 
grapple with. 

The difficulty has been approached from a different 
standpoint by the chemists ; these have sought to pro- 
duce in their laboratories a material which should be 
not merely a clever substitute for, but an actual imita- 
tion of, natural silk. 

As long ago as 1884, in the month of May, M. Blan- 
chard, in the course of his presidential address to the 
Academy of Science at Paris, alluded to this subject, 
and challenged chemistry to solve the problem. This 


¢ 
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he has done. Shortly after the president of l’Acade- 
mie des Sciences had laid this problem before the 
scientific world, another French savant, M. De Char- 
donnet, hit upon a method by means of which he be- 
lieved its solution could be obtained, and foreseeing 
great difficulties and much labor before him, he de- 
posited with the secretary of the society a sealed paper 
setting forth his idea. This was done in order to secure 
the honor of priority to himself should meanwhile the 
matter be worked out by some one else. This appears 
to be the custom on the Continent, and might, by the 
way, be practiced with advantage more frequently in 
Eogland, for it guarantees a discoverer’s priority 
against those who might lay claim to his ideas. It is 
often extremely difficult to decide to whom the honor 
is due, especially where rival scientists belong to differ- 
ent nationalities; but the “sealed paper” system 
would save endless heartburnings. 

M. De Chardonnet, having secured his ground, set to 
work upon this difficult problem, and on the 7th of 
May, 1889, he announced its final accomplishment. It 
soon became apparent that, in order to produce a 
thread which, by reason of its transparency, silky tex- 
ture, and brillianey, should compare favorably with 
natural silk, it would be necessary to spin it, so to 
speak, from some liquid solution. 

Cellulose (nC,H,.Os) was chosen as the starting point. 
Various sources of this substance were at first tried ; 
but it was eventually found most convenient to em- 
ploy cellulose obtained from certain parts of young 
wood. It was prepared ina state of great purity, in 


order to avoid any cow plicating sub-reactiong with the | 


chemicals empioyed. With this material a pure octo- 
nitro-cellulose is made by treatment with nitrie acid 
(HNO,). and then dissolved in a wixture of 38 parts of 
ether (C,H,.O) and 42 parts of alcohol (C,H,0) in a pro- 
sortion of 65 per cent. Sach a solution is termed col- 
odion. 


The collodion is placed in a reservoir of tinned cop: | 


per, in which an air pamp keeps up a pressure of sev- 
eral atmospheres. This is connected with a delivery 
tube lying on an inclined plane, on which are fixed 
giass tubes, each drawn out into a capillary part, A 
(vide diagram). A second tube, B, surrounds each of 
these capillary tubes, and contains water continually 
supplied at the tubule, C. The water, kept in by an 
India-rubber washer at D, circulates round the tube. 
The collodion forced out from the aperture, A, is imme- 
diately solidified at the surface on contact with the 
water, and flows with this water as a thin thread or 
filament around B. A small automatic arrangement 
now comes into play, and the filament is led on toa 
bobbin and so wound off. The thickness of the thread 
can be regulated to a nicety, and the hanks are made 
up as inthe ordinary way. 

The operation of denitration is then proceeded with. 


| 
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Substitution produets, consisting of starch or cellulose, 
in whieh hydrogen is more or less replaced by nitryl 
(NO, are termed pyroxylins, This * thread” is a pyr- 
oxylin. Many pyroxylins lose their nitric acid even 
in pure water ; but more completely in dilute nitric 
acid itself. 

The nitric aeid is removed by a process of dissociation 
which is carried to a greater extent if the bath be kept 
cold and dilate. The acid should not have a greater 
density than 1°32, and the temperature should decrease 
slowly from 35° to 25° C, 

In the end the cellulose beeomes gelatinous, and cap- 
able of absorbing by endosmosis various substances, 
particularly coloring matters and salts. It will then 
part with no more than 100 c¢. ¢. to 110¢. c. of ‘NO, per 
gramme. Collodion can no longer dissolve it, and it 
has lost those explosive properties which before deni- 
tration (being then really a sort of gun-cotton) it pos- 
sessed. It can now be used for making fabrics with- 
out fear of danger; indeed, it is claimed that owing 
to its great power of absorbing salts, it can be rendered 
less combustible than hemp or cotton by causing it to 
absorb ammonium phosphate after it has been denit- 
rated. 

After denitration it only remains to dry the fila- 
nents. 

The density of this artificial silk is about 1°49, that is 
something between the extreme densities (1 43 and 1°66) 
of the varieties of natural silk. 

The weight which it will bear before rupture varies 
between 25 and 35 kg. per sq. mm.; for raw cocoon silk 
it varies between 30 and 45 kg 

Its elasticity is analogous to that of raw silk. It is 
able to be dyed by the ordinary processes, and it is 
said that in brillianey, texture, and general beauty it 
even surpasses the natural produce of the cocoon. 

At any rate, in spite of the disadvantage of not 
sessing skilled workmen, M. De Chardonnet is able to 
exhibit at the exhibition on the Champ de Mars some 
samples of bis artificial silk, which appears well able 
to compete with the finest prodnce of the Lyons silk 
mauufactories.— English Mechanic. 
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In this work they are assisted by able and experi- 
enced architects. Full plans, details, and specifica- 
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